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PREFACE 


T here is a prevalent hut mistaken notion that dermatogl>’phics ha\e 
no importance faejond their use m personal identification Perhaps 
because the publications of research ate scattered and the generalizations 
seemingly hidden in complexities of descriptive method it is not generally 
appreciated that the pattermngs of epidermal ndges on fingers palms toes 
and soles have broader and more fundamental significance The con 
figurations are formed m the early fetus and they persist unchanged Their 
variants exhibit differential trends among races betneen the sexes and 
among constitutional types DermatDgl)'phics also eluodate various 
morphological principles including bodii> s}mimetr> Some traits of the 
dermatoglyphics are hen table hence thc> are useful lo recognizing the 
types of twins and have promise of application in cases of questioned 
patermt) With these and related topics forming its central theme the 
present volume is designed to fill the want of a comprehensive treatise 
on dermatoglyphics For those of a biological turn-^specially anatomists 
physical anthropologists ph) sioans interested in con^^titution geneticists 
and zoologists—the book is intended as a means of acquaintance with a 
relalivelj neglected aspect of human biology Though aiming lo bring the 
biological phases of the field also lo the attention of workers in idcntifi 
cation this Introduction to Dermatoglyphics does not purport to be an 
account of routine methods for finger pnnt men who alreads have av*ail 
able several excellent manuals of practice 

The text is arranged in three parts and a representative working 
bibliography is appended Part I supplies historical background and a 
general orientation of the f eld Part II deals with methods and <lcscnption 
Part III IS devoted to the more fundamental biological pha^ of dermato 
glyphics It IS suggested that the reader might pass from Part I to Part HI 
referring to Part II as questions on niethodolog> and description anse 
Several colleagues m research—Nonna Ford G Tjler Mairs D C 
Rife and now deceased Heinrich Poll Inez ttTupplc Wilder and Hams H 




Vlll 


Pa£FAC£ 


Wilder—have furthered indirectly the preparation of the book Debts to 
them for benefits gamed from personal discussions and correspondence 
have accumulated since 1922, when our interest in dermatoglyphics had 
Its beginning For reading parts of the manuscript are indebted to 
Beverly Blood, Ed^in A OUcr and H M Johnson, all of Tulane Umver 
sity, G Tyler Mairs of the Finger Print Bureau of the City Magistrates’ 
Courts, New York, D C Rife of Ohio State University They have read 
cntically and their comments have been helpful Any cnois of omission or 
commission which remain are our own Genevieve Lee made drawings and 
graphs for most of the new illustrations Sarah Dyson typed several drafts 
of the manuscript in successive revisions Scums of borrowed illustrations 
are indicated m legends of individual figures, additional courtesies m con 
nection with illustrations are here acknowledged Figures credited to 
H H Wilder and I Vi Wilder are mostly printed from blocks onginally 
used in pubLcations by these authors their collection of cuts having been 
placed at out disposal by authontits of Smith College For the gift of cuts 
previously used m our own pubhcations we are indebted to The Wistar 
Institute of Anatomy, to The Saentific Monthly and to the Journal of 
Cnminal Law and Cnminology 

Haloid Cu mn i ..s 
Charles Midlo 

SiW OtLCAKS 

AugnSt 9 f94j 
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HISTORY 


pRiiiniN'E Knowledge of DERiiATOGLVPnics 

T he patterned traceries of fine ridges on fingers palms and soles 
must have aroused interest long ago though when it was that men 
first noticed them ne\er can be known There exist records that indicate 
acquaintance with these traceries or 
dcrmatoglyphics long prior to the 
period of scientific study One of the 
most telling fragments of this unuTitten 
history is an aboriginal Indian carving 
found at the edge of KcjimkoojiL Lake 
m Nova Scotia ithin the outline of a 
human hand scratched in stone arc 
lines roughl> representing dermatoglyph 
ICS and flexion creases (Fig i) The 
thumb the most faithfully pictured 
region bears a spiral whorl This 
petroglyph is generally credited with an 
age of at least several hundreds of years 
and It maj be older Its significance lies i>««n«n Maijery) 

m the fact that the maker, though living under pnmiti\e conditions had 
become familiar ivith the dermatoglyphics and flexion creases and nas 
inspired to engrase a picture of them 

Had the maker o'l this pelrog'l>'ph drawn the whorl ol the thumb as a 
design isolated from the outline of a band or digit there would ha\e been 
no clue to its identilj as a skin pattern Such is exacll> the status of many 
ancient stone carvings resembling dermatc^IjTihics discovered in wide 
spread parts of the globe In a Utah Basketmakcr pictograph • for exam 


^ Dous!a 5« F H und R d Ilirnoncourte End an Art a/tif tn t d SUtf$ Neiir ^ ork Tktf 
Musrom o! Moderu \tX 1^41 
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OERirATOCrYPBICS 


pie, there are several human figures accompanied by designs of question 
able significance including four isolated concentric and spiral patterns 
resembling the whorls of finger priDts The monumental work by Mallery 
Picture iTriitng of the American Indians * illustrates numerous examples of 
similar designs drawn as independent pictures It seems unlikely that they 
were intended to represent finger pnnt patterns though Mallery makes 
this comment suggesting the possibility 

The frequency with which partial representations of the eye are met 
with appeared to me so sinking that I requested Mr Jacobsen to ask 
the Bella Coola Indians whether they had any special idea in employ 
mg the eye so frequently To ray great surprise the person addressed 
pointed to the palmar surface of his finger tips and to the fine hnea 
ments which the skm there presents, in hi$ opinion a rounded or 
longitudinal field, such as appears between the converging or parallel 
lines, also means an e>e, and the reason of this is that onginally each 
part of the body terminated m an organ of sense, particularly an eye 
and was onl> afterward made to retrovetl into such rudimentaT) 
conditions 

Probably the most famous of ancient ' fingerprint ’ designs are 
carvings (4) on the walls of a Neolithic burial passage, or dolmen situated 



Plc 3—Cftmoga which rrsemble dermato^fpbics ra ^&mte w»Il cl&bs in the Neol thic 

dolrnen of L lie de G«^i0i3 (From Stoekts ) 

on an island off Bnttany, L^Hc de Gavr'mis The dolmen, constructed of 
slabs of stone, is a gallery leadmg mto an enlarged chamber, the structure 
being imbedded m a low mound of earth Its inner walls arc covered with 
incised designs—systems of horse shoe form, more or less circular con 
centnc figures, spirals arching lines, sinuous and straight Imes and other 
markmgs, occurnng m various combinations (Fig 2) It is claimed by 
some writers, notably Stockis and Bridges, that the carvmgs represent 

* Tenth Annu&I Report, Bureau of EthtaSogy, 1S93 
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dertnatogljTihics A note published anonymously in France \entures c\cn 
the fantastic suggestion that they are reproductions of finger prints of 
chieftains, graved in the dolmen as an identification register Stockis* 
publication illustrates the whole senes of carvings many of them accom 
panied by figures of corresponding patterns in actual finger pnnts The like 
ness of some of the car\mgs to dermatoglyphic configurations is striking, 
but in others there is no similarity whatsoever Several authors offer 
quite different explanations of the origins of the Gavr^nis designs Faure^ 
sees m the carvings of this dolmen * moving lines on the surface of Io^v 
v.ater undulations or the tremblings of seaweed, which must be signs of 
conjuring or magic ” 

Under the circumstances it is incautious, to sav the least, to make a 
specific attribution of the designs on the w'alls of the Gavrhnis dolmen 
Certainly indeed the argument of resemblance, upon which the claim 
of finger print origin rests, has insecure support Neither this dolmen nor 
any other similar senes of gravings on stone furnishes intrinsic evidence of 
the use of dermatogl^'phics as models since dues comparable to the band 
outline m the Nova Scotian petroglyph are wanting Many designs m 
nature resemble dermatoglypbics and they might have served as models 
Then too, the symbolisms which may enter into man made designs render 
interpretation of their sources a venturesome undertaking, perhaps even 
for those versed in a subject which contains so many pitfalls for the 
unwar> 

The worker in cla> has espeaatl> favorable opportunities for observa 
tion of skin patterns, impressed m the plastic moss (5) It is not impossible 
that potter) making peoples even in remote time were b) this means 
prompted to an interest m finger pnnts Such pnnts are often conspicuous 
and the patterns ma) be more compelling of attention m the cla> than on 
the skin 

In figure 3 there is showm a dear finger print dating to the fourth or 
fifth century of the Chnslian era The fragment of a da) lamp on which 
it is impressed was excavated m Palestine by the late Doctor Badi 
Numerous objects recovered at the site bear prints of the same potter 
Other examples of prints in anaent day objects arc known, but all 
except the one next to be mentioned lack signs supporting the contention 
of some writers that such pnnts were applied for personal identification 
Recogmlion of theu idcnlff)ing value lor which there \% no convincing 
proof, would signify familiarity with finger pnnt charactcnsUcs Besides, 

Elie Ilishryc/ Art >ol i tnaficl^r/(TnnsUted from the French by VV F«ch ) 
Garden Cuy Garden City Publiahms Co Inc 

* Haddon Alfred C. Et^uU^n tm Art Scnbscr'f 1S95 
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there are indicatvons that the tmpnnts are most often merely marks of the 
fingers used as tools, though Jt is conceivable that finger pnnts in some 



PiQ 3 —An identtSabl^ pnat on a frarmeDt of a PaUstiaiAO Iftsip of the fourth or fifth rentury 
es CourUty of tht fnsftCuu Fnt/c Scfcoof ^ PtUfton > 



Pic* 4 —deer thumb pnnt on a ChinM cUf fe i made not later then the third century a c 
(From Laufer Co^rttsy of Fuld of Iltilory ) 


instances may have figured m symbolic identification, as a token expressing 
a relationship of the individual to an object or to an act concerning it 
The argument for purposeful Tecordmg of an identifying finger print 
in clay is stronger in the case of the Chinese seal illustrated m figure 4 
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This seal, made not later than the third century B C, is a pat of c!a> 
which \sould have been attached to some document, letter or package On 
one surface it bears a name impressed by a personal seal, and on the other 
there is a dearly defined thumb pnnt The provenience of this print sug 
gests its nature as a personal mark, but whether the mark was made with a 
purpose equivalent to that of cur 
rent finger pnnt identification is a 
debatable question 

The significance of prints on old 
documents of the East, where the 
practice of Imprinting fingers ex 
tended over centuries is equally 
open to unlike interpretations 

Figure s reproduces part of a 
Chinese deed of sale of a plot of 
land executed m the year 1839 
Receipt of paj ment is acknowledged 
in the deed by the woman heading 
the family which disposed of the 
propert> As is true of many other Chinese documents, this deed bears a 
finger print with an accompanying inscription denoting that the print is 
a form 0! signature The inscription reads ^'Impression of the finger of the 
mother born Ch’cn 

A Chinese contract of loan executed Dearl> twelve hundred >ears ago 
closes with a formula which is in substance like some other examples 
' The two parties ha\e found (his just and clear, and ha\e affixed the 
impressions of their fingers to serve as a mark ' The prints of witnesses arc 
added Like the pnnt on the Chinese seal and deed and like the finger nail 
indentions on Ass} nan clay tablets prints such as these might onl> 
signify that the persons intended to leaic a tangible sign of their par 
ticipatioQ in an act That sign would have served its object, as conceived 
by the participants, without the introduction of any principle concerned m 
modern finger pnnt identification 

The whole palm and sole also maj have figured in the history of 
Chmesft knnwUdg^c of detmato^Jyphics In hia work Asia^ pubbsheri ul 
1563, de Barros (cited by de Pina), records a custom preiaihng in 16th 
century China in connection with the sale of children Prints of the 
palm and sole were impressed in ink on the deeds of sale Dc Barros 
states that these pnnts proinde against false personation The prac 
tice, howeier, maj have been independent of an> conception of the indi 
viduahtj of deimatoglj'phics 



Pic 5—a Chmes« deed of wle t$S9 
$ gntd wuh * £o;er pnnX (Fr&m Lau/tr 
C^urUiy «/ t>ie FitlS Musfum cf 
Ihtiory ) 
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DEKMATOOLYPUICS 


More acceptable evidence of an appreciation of finger pnnt charac 
tenstics IS the personal mark of Thomas Bewick, 1753-1828 English 
engraver author and naturalist Bewick made wood engravings of pat 
terns of his own fingers (Fig 6) and printed them as vignettes or colophons 
in the books which he wrote The engravings demonstrate farmlianty 
with the construction of skin patterns, including the details of branching 
and interruption of the skin ndges It has been stated (7) that Bewick 
also stamped receipts with an engraved finger pnnt Bewick possibly 
understood the indmduahty of finger pnnts though neither the marks 
themselves nor his custom of using them proves it It is evident however 



Ti€> 6 —A finger pnne oq %ood Thomas B««*ick engraver and Autho r 

of works on satural fcistoir (from Wilder CoMtij of the Finger 

Print PnlfUihing AifO<icl*on ) 


that he was among the few persons of his time who are known to have bad 
exact knowledge of dermatoglyphics and it is to be supposed that fa 
milianty gamed through engraving them would have been intimate 
though perhaps not ^ €r> comprehensive Another personal mark of present 
interest is the finger pnnt and signature of Henry P dc Forest (Fig 7) 
published as a colophon in his brochure on finger pnnt history Doctor de 
Forest himself figures in this history having made m 1902 the first pnnts 
offioaliy recorded for personal identification in the United States In this 
instance, unlike that of Bewick, it is certain that his mark ** was impressed 
with knowledge of its uniqueness 

Consideration of the elements of symbolism, magic and superstition 
which may have motivated early attention to finger pnnts lies outside 
the province of this work It suffices to emphasiae that the outlook of the 
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peoples who made earliest use of finger prints should not be reconstructed 
solely on the basis of our own point of view Be that as it may, dermato 
glyphics had attracted notice long before the period of scientific record 
Even folk lore has incorporated a rudimentary cognizance of finger prints 
as shown m the following Chinese formula for fortune telling m which the 



Pic 7 — A pnnt of Dr Henry P de Forest Compare «rith fi^re 6 the similar mark of Thomas 
Bewick made a century and a quarter earlier (Courtesy of Dr dt Forest ) 

luluie of the individual is predicted in accord with the number of whorU 
and loops borne on his fingers 

One whorl, poor, two whorls, nch, 

Three whorls, four whorls, open a pawnshop 
Five whorls, be a go-between, 

Six whorls, be a thief. 

Seven whorls meet calamities 
Eight whorls, eat chaff, 

Nine whorls and one loop, no work to do-- 
eat till >ou are old • 

Dactylomancy, strangely enough, is practiced even now and in this 
country though it does not rank with palmistry in popularity One of the 
present authors was the subject of a reading, in 1955 made by a finger 
pnnt expert who professes ability in dactyIomanc> Though the reader was 
supplied with finger prints alone and had never seen the subject the 
idenlitj was known to him The report is quoted ui full to illustrate the 
scope of characteristics which purportedly are revealed in the prints of 
this subject 

I believe this^as much as 1 belies c anything,, that ^our fingerprints 
tell }ou what >ou are Regardless of what >ou thmk, or want to be, the 
fingerpnnt tells the truth Let us look at jour own this is the band of 
the thinker, as opposed to the manual and phj^sicaI The whorl indicates \ 
a degree of tenacUj, stamina, stick to-it neness, on the other hand > ou ^ 

* Kftrnnged from A It Smith Pr^ttrhi ^nd Common S^pngs t] the Cktnese 
i9o>—quoted by Laufer 
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would have double these virtues if you had two whorls (in the thumbs) 

You will be shorter lj\cd than j'our co workers who have all whork 
Persons with ten whorls tend to longevity I judge }*ou to be a man 
aged about 45 to 47 >ear5 \ou are a mental worker not a pfa^-sical 
type at all \ ou entered >our profession after a long deliberation—due 
to uncertainty—and then deeded to be a professor In stature >'ou are 
close to 6 feet m height and >ou ate not phjYically robust \ ou weigh 
about 165 lbs It would not surprise me but what 30 U were a frail 
child \ou ate a Urtltss worker and do not spare >'o\ir$elf The intro¬ 
vert t>’pc of hand is very desirable as it represents a sort of balance 
wheel It IS far more impetuous than the ten whorl t>'pe The whorl 
type of hand (extrovert) is one that reasons and weighs all sides and 
angles to a problem before making a decision Were it not for the ten 
whorl hand the world would constantly run amuck. 

EAitL\ ScfE^rnnc R£cords 

It is difficult to set a dtv'iding line between what may be nghtly con 
sidered scientific knowledge of dermatoglyphics as distmguisbed from 

primime knowledge The distmction is arbi 
trary and as made here it is cnl) a definition 
of convenience Beginning of the eaentific 
period IS arbitranl) set with the first records 
%h\di conform to the prevailing notion of what 
constitutes a saentific record As modems we 
are inclined to think of manuscripts books and 
journals as media forgetting that primitive 
conditions of life restrict the modes of recording 
ideas After aU the abonguial who carved the 
hand on a rock id hsova Scotia ma> have been 
as truly scientific in spint and method as the 
author of a technical article or book Bewick was 
at least an observer of finger pnots and be 
might have been also a practitioner of saentific 
personal identification Perhaps the Chinese 
who impressed his thumb m a claj seal more 
than two thousand years ago was likewise 
W/iownig a siaetttiim prattree then letogrroeA 
The facts in these and similar cases are obscured 
by time and the lack of validating records In 
spite of a conviction that there was a sacntific rccogmtion of derma 
tcglyphics long before the first wnltcn rcTOrds concerning them these 
records are at least a defimte milepost of advice 



Pig t —OetJB^toglyph 
Id drawn by Craw 1684 
(From irmtvorlh 4 ad 

of thf Ftn^er Frtnt 
Publish Ml Assoc aiton ) 
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The old wntings of the East, China m particular, have been considered 
at length by historians of finger print saence 
It IS probable that the identifying \alue of 
finger prints had been appreciated man> 
centuries before the appearance of the pub 
lished notice (Faulds, 1880) which mai^ 
rated the now extensive literature on 
finger print identification Some of the an 
cient wntings, honever, are of extremely 
doubtful bearing on the question at issue 
Relating as they do to finger printing cus 
toms, and neglecting explanation of rationale, 
these V, ritings are no wore convinang than 
the finger print signatures themselves which 
iMtness only that the prints were made 
The works of Grew, 1684 Bidloo 1685 
and Malpighi, 1686, are among the earliest 
scientific descnptions of dermatoglyphics 
Grew presented before the Royal Soaety m 
London a report of his obser\ations on 
patternmgs of the fingers and palm He describes the sweat pores the 
epidermal ndges and their arrangemeots, and presents a drawing of 



Pic p of tbe earl 

acient tc records of the anatomy 
of dermaioglyphics'^Bidloo 
idij (proF** Pffnimftjfr a/tfr Iht 
t7i$ f cf ) 



Pic 10—Marcello Malpighi 1638 1694 M on IW ouoHon of fonttk 

tnUrnoturnol ConptsM of AnOiomy Xiiton 1936 ) 

the configurations of one hand (Fig 8) Bidloo’s book on human anatoraj 
includes a dra\\ing of a thumb (Fig 9) and a description of tbe detailed 
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arrangement of the ndges m this one digit Hough breadths of individual 
ndges are exaggerated m the dramng perhap§ to emphasize details the 
illustration gives evidence of a careful attempt to portray the charactens 







w 







tics of the ridged surface It y^&s but one year later that Malpighi (Fig zo) 
briefly desenbed the configurations 

The hand presents for exatnmation, on its palmar surface^ ele\’ated 
ndges which course in diverse designs On the terminal segments o! 
the digits they are drawn into spirals, if examined microscopicaUy the> 
show the mouths of sweat g^nds along their middles 
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The eighteenth century marked by the appearance of several 
anatomical ^orks in which dermatoglyphics receive mention, among them 
HinUe, 1747, Albinus, 1764, and Mayer, 1788 Mayercontribution ha^^ 
escaped previous notice by commentators on the history of finger-print 
science. His book is an atlas of anatomical illustrations, accompanied by 
brief explanations The plate of finger prints is here copied in figure ii 
His explanation of the plate contains the following statement, which 
opens with the first clear enunciation of a basic principle of finger-print 
identification: 

Although the arrangement of skin ndges is never duplicated in two 
persons, nevertheless the similariues are closer among some individuals 
In others the differences are marked, yet la sjwte o{ theit peculianties 
of arrangement all have a certain likeness 

In the early nineteenth century several authors made contributions to 
the literature on derma toglyphics Schroter, 1814, m dealing with the 



Tic 17—) T TMririn;e 9ytt* l^y (kt 

Ftni/r Prin! Pnhlahtmx ) 

sense of touch, presents a discusrion of the morpholog> of the palmar skin 
and illustrates the arrangement of ridges and pores The work of Purkinje 
(Fig. 12) is a more important landmark in history, for it was he who in 
2823 first classified systematically the varieties of patterns of the fingers 
He distinguishes **nine principal configurations of the rugae and sulci 
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serving the sense of touch on the terminal phalanges of the human hand 
(Fig 13) He mentions briefly also the patternmgs of the human palm, 
of the hands of monkeys and of the prehensile tail of the spider monkey 
A sense of the high variability of dermatogi>*phics is implicit m his writing, 
though at no point docs Purkmje suggest that this variability might be 
utilised m personal identification His interest tias confined to physiologi 
cal processes and the structures which serve them 

Another writer of the early nineteenth century, Belli has a place m the 
history of dermatoglyphics In 18^ Bell coatnbutcd one of the volumes 
ID the senes of Bndgewater Treatises on The Pouer^ Wtsdom, and Goodness 
of Codf as ManiJesUd in the Creah0f$, the title of his work being The Band 







f O H 1 

Fro 13 — Purlcsnje i a q« type* at fiae«r pattenu {$23 A the transverse curves (plun 
arch] B the ceatrel lodg tudi^ stnt (teatee areb) C tbe obUque stnpe [iwp ulaer or 
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Its Mechanism end Vital Endemments as Evincing Design As an anatomist, 
Bell made a searching analysis of the structural and functional adapta 
tions of the hand He desenbed, |usl as they are recognized now, the two 
functional advantages mediated by the epidermal ridges Following a 
consideration of ‘ the fulness and elasticity of the ends of the fingers ' he 
writes 


But to return—on a nearer inspection, we see a more particular pro- 
'95Jnn-♦b/t ♦Aft fin/gCTb wi ♦Aft 

exquisite, there arc minute spiral ndges of cuticle These ndges have, 
corresponding with them^ depressed hues on the inner surface of the 
cuticle, and these again give lodgment to a soft pulpy matter, in which 
lie tbe extremities of the sentient nerves Had tbe cuticle been 
finel} polished on its surface, it would have been lUsuited to touch, on 
the conUaxy, it has a very peculiar roughness which adapts it to feeling 
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A provision for friction, as opposed to smoothness is a necessary 
quality of some parts of the skin thus the roughness of the cuticle has 
the advantage of giving us a finner grasp, and a steadier footing 
Nothing 15 so little apt to slip as the thickened cuticle of the hand or 
foot 

Purkmje remarks in 1823 that some mentiott of the epidermal rugae 
and sula “occurs m every physiological or anatomical epitome “ Through 
the nineteenth century and even later such books continued to include 
casual notice of the dcrmatoglyphic features With the advent of finger 
prmt identification, books and articles specially devoted to the subject 
multiplied 

Practical Applicatiov tv Identificatjov 

The possibility of early use of pnnts for personal identification, m the 
East, has been suggested The publication in i 58 o by Faulds (Fig 14) 
IS the first item m modern literature 
relating to finger print identification It 
IS a brief note appearing m the English 
journal ^ature Faulds, on the basis of 
his own observations points out that 
chance pnnts left at the scene of cnme 
would provide for positive identification 
of offenders tshen apprehended The 
article Tkas followed promptly by a letter 
written by Herschel and published m the 
same journal In it Herschel asserts that 
he had been actually using this method 
of identification m India for about twenty 
years Thus while to Faulds is due credit 
for having first published on the method 
Herschel the first European of the 
modem period actuall) to practice finger 
print identification These two men had 14—Henr> t$43 1930 

, • {Comrtffyo/Dr Unity P ttiPorgsO 

different points of view as to practical 

applications of finger prints Faulds envisioned their service especial!) in 
establishing the identities of persons leaving chance pnnts at the scene of 
cnme and Herschel conceived a broader usefulness the rcgistralioa of 
pnnts as a measure against false personation 

The latter part of the nineteenth century is notable also for the publi 
cations of Gallon, Henry and Vucctich who with Faulds and Herschel 
were concerned m developing practical methods of finger pnnt identifica 
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tioD Henry (Fig is) established the scheme of classification which is the 
most widely adopted of all the numerous systems There are several others, 
however, who figure in the history of this formative period 

First mentioned by Gallon in '891, and since then frequently quoted 
m discussions of finger print history, is the device used by Gilbert Thomp 
son AVhile at the bead of a surveying party m i88^, Thompson paid its 
members by written orders to the camp sutler The inscription of the 
amount on the order was surcharged by his own thumb pnnt It seems 

to be clear that the thumb pnnt was 
intended not as an identification of Mr 
Thompson but as a means of preventing 
alteration of the wnlten figures When it 
IS noted that the duplicate order which 
Thompson presented to Galt on was 
drawn in favor of one ‘*Lying Bob/' the 
precaution is understandable 

At about the same time Tabor a 
photographer in San Francisco chanced 
to notice the pattern impressed by his 
own inked finger on paper After carrying 
out some experiments with finger prints, 
he proposed that the method be adopted 
for the registration of Chinese immi 
grants, where the difficulties in ordinary 
identificatton had been a vexing problem 
Pio IS—E<3w»rd Richard Hefliy Neither ihis proposal nor the one made 

by an unknown resident of 
Cincinnati for the use of identifying 
prints on railroad tickets was earned out, but the fact that the suggestions 
were made demonstrates early recognition of promise of the finger print 
method A European parallel (S) is that of Wilhelm Eber, a vetennanan 
m Berlin who was convinced of the practical usefulness of finger prints 
and who formally reported his conclusions to the Ministry in 1888, the 
Ministry was not impressed 

MarJc- Twain, did much, to lurihej: uiJwtst. ux fin^x yjnLs. 

through two of his books, Life on ike ihsstsstppt and Pudd^nhead WtJson 
In Life <m the ^£tst^sstppi the character Kail Ritter is made to say that he 
^had read a fortune from a thumb print, and that he had known an old 
French prison keeper who insisted that the lines in the ball of the thumb 
are never exactly alike in any two human beings and that they do not 
change from the cradle to the grave These basic ideas are amplified in 
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Pudd^nhead Wilson Pudd nbead’s address to the jury has been charac 
tenzed as *'one of the finest explanations of the logical basis of finger print 
identification ever given either m fiction or in life'' {48) 

The source of Mark Twain s finger pant plot is not known though 
doubtless he received the idea second hand as did Gallon Henry or an> 
one of many others who built on foundations already laid Herschel states 
that his interest m finger prints probably originated by inspection of 
Bewick s mark Faulds was an originator and it appears that some others 
Tabor for example were also original Laufer takes the position that 
original ideas are so rare that * it is most unlikely that a complex series 
of ideas as presented by the finger print process was several times evolved 
by different nations [or individuals] independently' However and not 
withstanding the antiquity 0! the use of finger prints m China there is 
no need to assume that all ideas about finger pnnt identification must have 
stemmed from that source 

Rnger print identification was introduced on a large scale onlj after a 
penod of probation extending through several decades The method now 
IS m universal use and has been extended from Us original cnrmnal 
limitations to varied applications in civilian and military life So many have 
participated in this expanding use and m developing details of method that 
the listing of names and individual o^ntributions would encumber what 
IS intended to be onI> a sketch of the main historical framework 

CuRRfiXT Popular Interest ln Finger printing 

The use of pnnls in identification has attracted widespread intercut 
Mark Twain s example of using a finger pnnt plot has been followed hy 
many a wnter of fiction More effectively, accounts in the press have 
brought constantly to the attention of readers the operation of the finger 
pnnt method through reports of cases of identification of criminals the 
unknown dead victims of amnesia and the like Feature stones addresses 
and radio talks are active outlets of information on the subject The foot 
printing or palm printing of newborn infants the finger printing of 
soldiers sailors and certain classes of employees as well as widespread 
finger printing of civilians in the war emergency have broadened first 
hand fanuhant> with the objectives of personal identification 

The fruits of this dissemination of interest m finger prints are apparent 
It IS not uncommon to read about a troop of Bo> Scouts engaged m a 
finger printing project, or of the members of a dub or the citizens of a 
commuml> responding enthusiastica]l> in a finger printing campaign 
The Federal Bureau of Investigation and other agencies of law enforce 
ment have extended to ovnlians invitations to be finger printed and the 
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favorable reception is measured by the large number of finger print cards 
now deposited m official files 

For several years the toy stores have earned simple finger pnnt kits, 
and It may be taken for granted that the j*oungster ivho possesses the kit 
vnil acquire some knowledge of the character of finger prints and of their 
individual diilerences as mealed among his relatives and friends But a 
boy need not await the ownership of this equipment to learn something 
about the subject Comic stnps and cartoons often feature finger pnnts m 
identification ‘‘Tarzan of the Apes** was proved to be the son of Lord and 
Lady Grej stoke, by means of finger prints which as an infant he had made 
in touching with inky fingers a page of the father's diary The youth's 
interest also might be aroused by a puzzle m nhich a name is hidden in a 
labyrinth of lines, a purported finger pnnt Quite recently there has been 
patented a finger pnnt game/ “Fingo Pnnto * which is played on the 
pnnciple of ‘‘Bingo ' Each player is supplied with a large card bearing 
the outline of a hand and designs of finger pnnt types The chips are small 
cards each bearing a single pnnt On successue deals the players endeavor 
to fill all five finger bulbs with specified pnnts 

Popular notice is gamed even through advertising writers, who some 
times turn to finger pnnt science for ideas toward their copy This copy 
in turn carries us inHueoce fartheft and in a way that is bound to instil an 
appreciation of some of the principles of finger pnnt identification The 
clothier tells his prospective customers that ‘ A finger print is an un 

questioned means of identification So is-s label A garment maker 

who wishes to emphasize the distinctiveness of his wares claims that the 
garment has “personality/* and is “as individual as your finger print “ 
Even the qualities of latent pnnts are not neglected The producer of a 
brand of tobacco advertises “Wanted—the 123 232 missing pipe smokers 
whose thumb prints are on the wrong packages of tobacco * The publishers 
of a popular magazine also based recent advertising on latent prints on 

copies of the magazine collected from homes “Inside the covers of- 

Slagazme we found an average of 407 8 dear fingerprints per copy 
We found the thumbprints of 3 26 diQerent persons on each typical copy 

With all these signs pouitbig to broad popularization of finger pnnts 
iX u a^kparenx that the day u sonaonmun^ whm thewL wUl he no longer a 
significant objection to finger pnoting The feeling against it is on the 
wane, though there are still some who regard finger prmting as a stigma 
because they assoaate it with the police records of cnminals It is not too 


* The was devised by E ReYChertp a fiDger print expert of New York City 
’ The quotations m this paragraph are from actual advertiseneots 
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much to hope that universal registration of pnnts mil be eventually 
realized (Chap 8) Objections can be based only on misconceptions 
namely that the method is tainted by its criminal application and that 
compulsory registration would violate pnnaples of personal bberty 

Biological Phases 

Certain biological principles are basic m finger print identification 
[a) Indi\ndual epidermal ridges are so highly variable that their charac 



FiC st) —^? rancid Giiton 1)73-1916 (From cflrr L»cy C^urUsy tkt 
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teristics even m a small area of a finger palm or sole are not duplicated 
either m another region or \n a different individual (b) The configurations 
and details of individual ridges are permanent and unchanging (c) The 
configuration types are individually \aruble but they \Tirj within limits 
l^hlch allon (or s>stcmatic classificalion 

Hou these principles came to be established in the minds of those who 
first recognized them remains unknown though tt maj be assumed that the 
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process would have been essentially no different from the recorded expe 
nence of Fanlds Faulds relates that he first became attracted to the study 
of finger piinls by the finding of unpressions on ancient Japanese pottery 
This led to an examinatjon of **the characters of the skm furrows m 


human fingers generally/* which convinced him of the high degree of 
variability of patterns and of their **for ever unchangeable ' character 
The observations prompted bis proposal of the use of prints m identifica 



tion and stimulated his further lavestiga 
tions of dematoglyphics m different ra^ 
and in monkeys Others before and after 
Faulds perhaps directed by some obser 
valion as casual, might easily have been 
led into independent studies of finger 
pnnts Workers pnmanly engaged m per 
sonal identification anatomy ph>*sical 
anthropology zoology and genetics have 
turned to studies of various phases of 
dermatoglyphics Tbcir contributions form 
a body of Imng history since they are a 
part of the working literature of current 
studies It would be pointless to name all 
these authors and to indicate their mdi 
vidual studies but thers are some who^e 
pioneer work is so highly significant as to 


Fre i7^Hifru Hftwtiiofae 
1964 1^24 


merit special mention even if it must be 
bnef 


Gallon (Fig 16) pioneered in fundamental finger pnnt studies con 
cemed with morphology, classification inheritance and raaal variation* 
Wilder (Fig 17) inaugurated a program of biological investigations 
vnth a study of comparative dermatoglyphics His first paper on the sub 
ject was published m 1897, and m the following three decades he contm 
ued with studies devoted to morphology the methodology of plantar and 
palmar dermatoglyphics inbenlance and raaal differences * 


^ There is at the UniversiCj of a Gallon Room which hous s memorabilia o'l 

this ^eat biologut'-pholop^pbs letiers finger pnet matena], and many instruments of ' 
which some were specially designed for ha stadjcs of finger pnnts 

may be of interest to note the slunnlcis which prompted Wilder’s studies to the field 
of dermatbglyplucs On first meetiag one of tlie present authors (Cumouns} tVUder held out 
his right hand and said Notice bov the hypoUMnae pattern resembles that of the monheys. 
Long agQ ay attention was directed to this sun tanw the speculation aroused by it was 
the itiisulus for my later work. (See froatispiece) 



HXSTOftY 


21 


Inez Whipple (Fig 28) a student and later the wife of Wilder began 
her study of dermatoglj'phics with a comparative survey which is a classic 
m the field (147) Early during the penod of Mrs Wilders study two 
other pioneer workers were engaged m research on comparative derma 
toglyphics—Schlagmhaufen and Kidd 

Knstine Bonnevie has accomplished more than any other person in 
analyzing the inheritance of finger pnnt characteristics Her first major 
contribution (44) was followed by a succession of important studies on 



Fo 16 WoM WTi pple Wilder Po ip —He nnch Poll 1877 ipsp 

1871 iprp 


various aspects of inheritance and on the embryological processes leading 
to the expression of particular configurations 

Heinrich Poll (Fig 19) devised novel and revealing methods for the 
anal>^is of finger prints He investigated raaal differences geographic 
variation within races constitution and symmetry 

From the work of these and other investigators whose interests have 
beca ceatf-ced oa hiolosical ptobkms the auhstanm nt Part j ux tbxi 
volume IS drawn and their contributions figure largely in Part 2 also 
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RmctD Skin 

T he palmar aod plantar surfaces of tlie human hand and foot are 
clothed by skin which is different from that covering other parts 
of the body The skin here is continuously corrugated with narrow ndges 
and there are neither hairs nor sebaceous (oil) glands S^ieat glands are 
abundant and of xelaUs tly large sue Further distinctions of thickness and 
of histological structure, are observable by dissection and by microscopi 
cal exammatico Ridged skm is not stnctly conhned to the palmar and 
plantar surfaces Ridges occur over the tips of digits, and on the digital 
margins, where as along the margins of the palm and sole they ejctend 
about halfway to the dorsal surface The eatent of ndged skm is em 
phasued m the Negro by reduced pigmentation throughout the areas of 
derma toglyph 1C speciahsatton 

The palms and soles of all primates bear ndged skm and the tads of 
certain monkeys and the paws m some mammals other than primates also 
are thus characterized (Chap 9) In no group other than primates, how 
ever, IS this volai specialization consistently present 

Prior to 1926, when the word Jernuitoglyphcs was proposed (276), 
there had been no satisfactory term embraang the skin patternings of 
fingers, toes, palms and soles Dermaloglyphics {derma, skm + glyphe, 
carve) is a collective name for all these integumentary features, withm 
the limits to be defined, and it applies also to the division of anatomy 
which embraces their study The i rord is_ literally desenptne of the deli 
cately sculptured skin surface, inclusive of single ndges and their con 
figurational arrangements Flexjon creases and other secondary folds are 
nnt at dexmatn^l^W^ Thau^ the. tenm. haa wcwl Ui be 

erally adopted among biological investigators the practical finger print 
man bas bad no reason to substitute it for bis own useful and famihar 
terms Most commonly, he needs only to refer to finger prints or patterns 
and bis field is adequately designated by any one ol several names, sueb 
as dactyloscopy 



GENERAL CONSIDRRALIONS 


23 


The structural specializations of palmar and plantar skin are advan 
tageous in the functioning of contact surfaces Corrugation of the surface, 
moistening by sweat and absence of hair counteract slipping, this adapta 
tion being recognized in the term frtchon skin Like the milling on the 
handle of a tool or the tread on an sutomobde tire, the ndging serves as an 
anti slippmg device The drag agamst a surface as the skm is passed over it 
in 5 y*oe'increased" by imbrication of the epidermal ndges Imbrication is 
detectable (133) when the end-on profiles of ndges are examined under a 
lens, and it is evident also m sections cut vertically to the surface of the 
skin and across the ndges (Fig 20) Varying among regions and mdividuals 
in its presence imbncation is evident as skewing of the contour of the 



Pig 20 -^A D e proAI« of nd^e$ «tbout tmbncAt on B Actual profiles of 

imbricated ridges traced from a luatolocical lect on (KW ) 

ndge Kidges Tnthin a bmited area al\ have tbeir sVe^ed margins facing 
the same direction 

Abundant nene endings in the shin of the palmar and plantar surfaces 
serve the sense of touch Their functioning is aided by corrugation of the 
skin In testing the texture of a surface the fingers or palm are rubbed 
back and forth over it The drag against the ndges heightens the intensity 
of stimu lation of the nerve end mgs Galton (57) supplies a vnvid descrip¬ 
tion of the process 

It u interesting to ask a person who is ignorant of the real mtention, 
to shut his e>es and to ascertain as well as he can by the sense of touch 
alone, the material of which any object is made that is afterwards put 
into his hands He will be observed to explore it very carefully by rub¬ 
bing Its surface in maa> directions and with many degrees of pressure 
The ndges engage themselves with the roughness of the surface, and 
greatly help in calling forth the required sensation, which is that of a 
thnll usually faint, but alwa)*) to be perceived when the sensation is 
anaJ>’sed and which becomes very distinct when the indentations are 
at equal distances apart, as ui a file or u velvet 

The efTectiveness of epiderma! ndges m heightening /fictional resistance 
IS increased by the arrangements of ridges in patterns As Uliipple (147) 
emphasizes the pattern arrangements counteract slipping regardless of the 
direction of drag because the designs are formed by ridges coursing m 
different directions Tactile acuity also is favored by the patterned 
arrangements of ndges In experiments on tactile acuity Schlaginhaufen 
(144) makes use of two-pomt d scrimination, the subjects being tested for 
abilit} to recognize the dualit> of stimulation when the skin is touched at 
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kwo points simultaneously A measure of the refinement of this ability is 
afforded by the distance separating the two points of a compass esthesio 
meter The findings mdicate that two point discrimination is more acute 
when the points of the compass are appbed m a ime at nght angles to the 
ndges than when they are aligned with the ndges From this it follows that 
the patterns multiply the opportunities for contacts most favorable for 
tactile acuteness 

Ridge breadth, accordmg to Gallon (57), does not afford a proper 
tionate index of discnminative ability m different areas of the same hand 
Though ndges in the palm ate but 18% broader than on fingers (24), 
the compass points, to be recognized as a double stimulation, must be 
more than four times farther apart ui some jegions of the palm than on the 
fingers 


Prints of DERiuTOCLypnics 

Accustomed as we are to examining contact prints rather than the 
features themselves, no awkwardness is sensed m the use of finger 
print to signify the actual pattern of the distal phalanx ’ Other regions 
may be similarly described in terms of tbeir prints The indirection m such 
a phrase as ‘‘individual differences of finger prints** somehow has become 
less unseemly than would be the case if one were to refer for example, to 
individual differences of photographs of fingers ** 

The impressions left in ordinary contacts with objects are termed 
chanct pnnls or finger pnnt (races Chance pnnts may be Jearly visible 
transferred from smeanngs of the hand with ink, paint blood or other 
substances or impressed m a plastic mass, such as clay Chance prints 
usually arc latent, invisible or only faintly visible being formed by a film 
of natural skm secretions or of colorless foreign matter adhering to the 
skin Latent prints may be rendered visible by various methods of develop 
ment The impressions which remain after ordinary contacts o! the hands 
are exemplified m figure 21, which lUustrates a sheet of bank checks care 
lessly handled fay investigators searching for c\ideiice in a case of forgery 
A unique self-developing vanety of latent pnnts (31) is illustrated in 
figure 22 These ‘‘prints” are formed m growths of bactena seeded b> the 
a. tfaiunh. on. siir/am. of. a. merfmm. Xbniui}i. 

quite unlikely that such pnnts would assume an importance m personal 
identification, this demonstration is a novel addition to the list of matenals 
composing latent pnnts, aside from its significance bactenologically 

^Tbe word ''Segrr** is commonly used to lodude the thumb as wetl as fiorers m the 
stnet sense 
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Plastic materials of suitable consistenq^ and texture >ield impressions 
which may be either chance prints or purposefully made Impressions in 
clay are discussed in Chapter i in connection with the history of dermalo- 
glyphics- Only rarely are such prints presented to the identification worker 
or diosea by the biological investigator as a form of record In some 
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materials these negative imprints are registered with fine cletaib as in the 
slab of dental impression compound Qluslrated in figure 23. This print» 
incidentally^ is one of numerous identical finger prints produced in the 
seances of the medium “Margery/^ purportedly impressed by the phantom 
thumb of the medium's deceased bro^r (50), It will be obvious that a 
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print rendered m the negative m clay wax plaster or any other material 
allowing for registration of the skm details would be a suitable mold for a 
positive cast showmg the true reliefs of the dermatoglyphics Such casts 
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are sometimes useful The method docs not yield a record which is literally 
a print but it is not unfittmg to refer to these positive impressions as 
pnnts 
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The tenn ‘ print is applied popularly and iQ a loose sense to any 
contact impression of the skin even if it is a mere hloh or smudge (Fig 24) 
The prints made by the biological iniesligator or by the identification 
worker are clearly decipherable impressions usually in mk corresponding 
m quality to that shown as a companion to the blob m figure 24 


n 


Pig ii —A clear fic^er print contmud w th 4 featureless Mob 

Characteristics of Single Ridges 

E\cn mthout magnifcation the skin ndges (epidermal ndges or 
rugae) are evident as shghtl> elevated ribbings of the surface separated 
bj narrow grooves (sulci) The surface might be compared to the appear 
ance of corduro} but with the important difference that epidermal ndges 
do not course uninterruptedly like the nbs of corduro>, nor are they 
straight except over areas of limited expanse 

The detailed superficial construction of individual ndges may be made 
out by eramining the skin with a magnification of several diameters 
(Fig 25) Individual ridges present numerous mtcmiptions branchings 
and other irregularities these details as the> appear m prints will be 
considered later On the ridge summits are the onfices of sweat gland 
ducts each tidgc having a single row of these pores spaced at fauly regular 
intervals The ndges frequcntlj show transicrse constrictions (Fig 39) 
suggesting a segmentation into units each unit being assoaated with one 
sweat pore (sx) These individual segments are sometimes completely 
disjoined forming islands. The distances between successne sweat 
pores on a ndge are usually about equal to the width of the tidgc 

Largely through the efforts of Locard methods ha\ e been densed for 
the study of sweat pores from the standpoint of their \ariations and use 
fulness in personal identification The pores are commonly eiident m 
pnnts made by other methods but Locards process of developing with 
lead carbonate or other metallic salts isspeaall> adapted to demonstrate 
them The variations embrace the number of pores in a unit area their 
pattern of d stribution the spacing between successive pores alignment 
with reference to the axis of the ndge and conformation of the pore out 
lines as registered in prints The charactenstics of sweat pores arc as 
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individual as the minute details of ndges The indvviduaUty expressed in 
dermatoglyphics is evidenced on an extensive scale the pores within any 
area bemg many times more numerous than ridge details Even if a small 
patch of skin is devoid of other significant ndge charactenstics the pore 
details arc sufficient to establish identification of an individual 

Ridge breadth over the band as a whole averages o 48 mm m young 
male adults (24) With an average of 043 mm m young adults uomen 
have narrower ndges than men (30) Regional differences in the hand are 



F o 2$ —Photograph <^3) of tJie termiAa] phalanx of a left ndtt hnecr 

marked (Chap 11) Inspection indicates that the sole is distinguished by 
coarser ndges but quantitative data for the comparison are not available 
Ridges are extremely narrow in the infant and they gradually broaden as 
the ch Id jrrows but there are no changes in their orynnal charactenstics 
of branching ending and other details A F Hecht supplies the following 
breadth measurements calculated from counts m three prematurely born 
infants examined at ages of months the breadth m each case is 

o 15 mm in seven term newborns the breadth averages o i8 mm the 
range being o 10-^ 22 mm m an unstated number of children at ten years 
the values are o 30^ 35 mm 
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The details of ridge construction may be best described on the basis 
of their appearance in prints, since but rarely are they examined directly 
on the skin. Figure 26 is an ink print of the same digit shorrn in figure 25 
In making this enlarged reproduction the photographic negative was 
reversed, so that the print might be directly compared with the photo¬ 
graph of the finger itself. Contact prints, it will be obvious, present the 
features of the skin in a mirrored relationship. In the relation which it 
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bears to the actual skiti the print of a finger may be likened to a printed 
page, the mirrored impression of the type faces. 

As in printing from type, the printing of a finger (or any dcrmato- 
glyphic area) in\olves the transfer of a film of Ink from raised lines and 
points In a print made with an optimum amount of ink and proper 
trol of pressure, the sweat pores appear as uninked dots withm the inked 
lines which mark the contacts of ridge summits Like a rubber stamp, 
the finger ball and ridges arc yielding. The pressures applied in making 
• repeated pnnls of a finger can never be exactly the same in degree and dis¬ 
tribution, hence two prints of the same digit are bound to exhibit dlf-* 
ferences of technical origin. Variations in pressure, as well as lack of 
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umfonnjty in mlong, may introduce discrepancies m the breadth of a 
ndgc or m the appearance of a ndge detail A bifurcation for instance, 
might be completely registered m one impression, and in another the point 
of branching might not be recorded In pronouncing two finger pnnts identi- 
cal, the idenuficauon expert means that there are no material differences 
between them, and that they are impnnts from the same pattern He 
knows that they can not be stnctly duplicates, smcc the mechanics of 
printing are such that immaterial uolikenesses of two impressions from a 
finger are inevitable Such purely techaical discrq^anaes between two 
pnnts made from the same finger are readily recognized as such 

Excessive pressure maj squeeze ink into the sulci, which then will be 
prmled darker than the ndges A print of this character is m a sense a 
negative impression inasmuch as attention is directed to the sula, here 
made more conspicuous than the ndges The sulci obviously present a 



Pio ay ^Two pnot* of ih« tiaa ooe co ibe lofD) of od ordtAA^y ifik pfwt 4Ad tSc other 

(entb bleck bMtrerouod) 0 orfetrre 

negative counterpart of the ndges, though with the usual exclusive em 
phasis on ndges little thought is given to the configuration of the mterven 
mg sula The two reproductions of the same finger pnnt shown m figure 
27 are made with the purpose of emphasizing the mutual relationship of 
ndges and sulci One of these pnnts is an ordinary contact pnnt The same 
pnnt in negative form is shown with a black background, the black lines 
being sula and the umnked mtervak between them representing the 
ndges 

^ Epidermal ndges arc compared earlier to the nbs of corduroy, but 
contrasted m having irregulanties of direction, discontinuities and 
branchings Such characters are collectively termed min uUae or nd^c 
charac iertslica The occasional t nctpt€nl^ rudxmentcry or ncsccnl ndfjt h 
toougn not usually grouped among the minutiae, ha\e a logical pla(^ m 
the consideration of ndge charactenstics Innpient ndges he m the sula, 
they are very narrow and frequently interrupted Such ndges are lUus 
trated not only in the diagram of mioutue (Fig 28) but also m the cn 
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larged actual prints (Figs 26 and 53) Hicy differ from typical epidermal 
ridges in the characteristic absence of pores as well as m position and 
morphology Several standard types of minutiae are illustrated in figure 
28 An tsland in strict usage is the ultimate abbreviation of ndge structure, 
a u nit bearing but one sweat p ore Two, three or several such ndge units, 
consohdated to form a short ndge, were origmally also called islands by 
Galton, though it is preferable to designate them as skorl rtdges and to 
reserve the name island for the ultimate ndge umt An abrupt stop in the 
course of a ndge is an end or Urmnation Occasionally a ndge may branch 
forming a btfurcaiton or/orfe, i£ the two ndges were considered as coursing 
from the opposite direction they might be described as fusing but the com 
mon designation is based on the consideration of one ndge branching 
rather than of two ndges jommg Two such branches, however, may 
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rejoin after a short course, forming an ewhsure or eyelet Some special 
vanants of ridges are named in systems of classifying and ^mg single 



Ridge Configurations 


The epidermal ndges form definite local designs on the terminal seg 
meats of digits and in consistent sites on the palm and sole The high 
variability of these configurations makes them useful in personal identifica 
tion studies of inheritance raaal variation and other biological aspects of 
derma toglyphics 

The distal phalanges of fingers and toes present configurations which 
according to their general construction are classed (by Galton) as arches , 
loops and whorls an example of each being illustrated m figure 29 All 
configuration types except plain arches appear as designs composed of 
abruptly curved ndges For convenience, plain arches are often termed 
pattern s Actually they do not conform to the definition of a true pattern^ 
which, as m a whorl or loop, is composed of sharply recurved ndges 
The plain arch, being a succession of ndges coursing across the digit 
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transversely la a gentle curve ts actually patternless and is a special form 
of open Jitld 

Patternless configurations in some regions of the palm and sole may 
have an arched form though frequently they lack arciform courses and 
are termed open fields The middle and proximal segments of digits rarel} 



Whorl Loop Arcli 


Ptc 99 —Xhne typical fipfier pfutu whorl loop anrl arebu 



F c 30 — ‘Vnnt of «lelt palm. The t aced lines nre hues ol a erp eiat on {F om 11 

show trua ipaJJ/OTs, emfisgvTfSsms. fieJAs. of. Incal. 

disarrangements of ndge direction designated as vesltges^ 

In the palm there are six configurattonal aones Zn each of these the 
configuration may appear as a true pattern of one or another type an open 
field or a vestige Figure 30 is a palm pnnt in 'which only two of these areas 
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are patterned: the fourth interdigital area, lying in projdraal relation to 
the interval between the ring finger and little finger, and the hypothenar 
area appearing in the lower part of the iUustration. Both patterns are 
constructed as loops. The remaining four zones of the palm are patternless. 

Th e sole has eight regions in which local patterns may occur. The 
territories of six of these areas are included in the print reproduced in 



Fic ,31 —Print oi a nghx sole The traced lines are lines o! mterpretation- {From IVil irr) 

fixate . Thfccao&gixaJJna. ux the lawet part ot UliiiJxaXJaa U atLOt^ea 
field, while the other five areas have true patterns—whorls and loops. 

The configurations of palms and soles, like linger prints, are highly 
variable among individuals, the variability expressing itself not only in 
the details of ridges but also in the presence or absence of definite patterns 
and in the types of patterns which occur. 

A consolidation of ridges in trurngular fonnalion lies at the con 5 unction 
of three ridge systems of opposed courses. Variable in detail of construction, 
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these coDsobdatiODs may conform to Galton s original conception of 
deltas but even in the absence of a true <klta formation a tnradiate struc 
ture IS apparent giving the name tnradtus to these features They ha\c 
been likened to three pointed stars each point being extended as a 
radiant WTiorb on digits arc each assoaated w\ib two triradu and loops 
have one (Fig 29) The palm and sole present inradu (Figs 30 and 31) 
which are placed in fairly consistent positions in different individuals 
In palm and sole as well as in patterns of the digits the radiants are the 
ongiTis of lines of interpretation which are significant morphologically 

Other PAirERroNGs d, Nature: 

There are numerous parallelisms in nature of dcrmatoglj'phic con 
figurations and of minutiae of individual ndges The analysis of what might 
be termed the geometry of biology is a field m itself * 

One of the most sinking illustrations of dennatoglyphic parallelism is 

the form and arrangement of stnpcs 
in some animals the zebra bemg a 
faimhannstance (Fig 3?) The bands 
of pigmentation in the zebra and in a 
negative fashion the light stripes 
separating them show remarkable 
resemblance to the configurations and 
minutiae of epidermal ndges The 
stnpes have ends and forkings which 
simulate minutiae and there are 
Inangular consolidations of stnpes 
which resemble tnradii The several 
° / cw a areas presenting unlike directions of 

stnpes might be likened to con 
figurational areas in a palm or sole In some zebras there are regional 
organizations of stnpes that may be likened to dematoglyphic patterns 
and vestiges 

Hair arrangement also is suggestively similar to dermatogl>'phic 
configurations Hairs are projected at a slant from the skin In a restneted 
region of the body the hairs slant m a common direction (Fig 33) but 
adjoining regions may present quite different slants as exemplified by 
the partmg of the hair of the scalp and the occurrence of one or two 
whorls on the crown Other regions of the body likewise present local 

* Cook Theodore A. Tka Curvts oj Itje Nr«r York, Henry Holt »nd Co 1914 Thompson 
D V»^Cf9^kcn4F^m Cambridge University Press i9t7{7iided r^r] 
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distinctions of hair arrangement, and though that arrangement accords 
with a common general topographj, there are individual differences The 
areas m which the hairs pomt uniformly m one direction may be compared 
to open fields of the dermatoglyphics The crown whorl and similar con¬ 
figurations elsewhere are patterns, and the irregularities localized at the 



Fig 33 —Hair streams on th« back o! a bumao fetus the pointmjs of the hairs being i&d cated 

by arrows CFfom L«cdir<() 

points of juncture of three or four areas of different hair slants correspond 
to tnradii 

Xike’bands 61 pigmentation in fne 2ei>ra» tht ridged elevations formed 
on the shell of the a^onaut and on the giant cactus of the West present 
bifurcations and ends reseznblmg the nunutiae of epidermal ridges 
Inanimate nature is not lacking in similar lUustrations Sand hipped b> 
wind or waves, may show ndges conforming ^^ith surprising exactness to 
the characteristics of epidermal ndges, with forkings, enclosures and ends 
(Fig 34) Similarly^ some cloud {ormaUQUS exhibit bands with ends and 
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forkings Periodic precipitates (Ltesegang nngs) resulting from diffusion 
into a gel of a substance reactive vnih another substance contained m the 
gel, behave under some conditions like the lines of cellular proliferation 

\?lnch produce epidermal ndges If tbe gel \$ 
contained m a capillary tube of uniform 
bore and no disturbing factors modify the 
reaction, tbe passage of the diffusing solu 
tion IS marked by a succession of regularly 
spaced discs 0! piecipitale which on edge 
view are seen to be perfectl> plane Vana 
tions in caliber of the tube or sudden 
changes in temperature produce tiarping 
other irregulanties of these discs^ uhich 
as shown in figure 35 are in edge view 
curiously like tbe irregulanties of epidermal ndges 

The physical pivnoptcs tesporvsvMe lot the configuiaUon ol mod swept 
sand, banded clouds or of periodic precipitaies are probably simpler in 
their operation than the factors which underlie the production of dermato 
glyphic configurations and ndge minutiae Nevertheless the forces con 



pic —Pcftcdic precipitates in * c^piUary tube cont» ninr P 5 % sodium lod dr 1° 

gtUtin the reaction bemg produced by dUTuson of ko% silver nitrste ihrmnb the gcL The 
irregulanties of the precip tation discs la the nght hand seetJou of the tube are tbe result ol 
a sudden elevation of temperature from >©• C. to 40* C (Courirry of Dr E^tn J ) 

cemed may prove to have more in omunon than mere outward resemblance 
of their effects 

Skin Ckkases 

^'--^exion creases arc not components of dermatoglyphics, but they are 
significant because of peculiantics of epidermal ndges coursing in them 
The flexion creases of the palm are the **lines'' of the palmist Several 

* Ca^ K J Coca^aUve coorpholo^Rt uuiscle ttr»UoB 4 4rtd of penodic precipjUlw in 
capillary tubes. Biodynamica voL 3, pp sSi-Stv* 
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major creases cross the palm Other creases occur at the wrist, at the 
junctions of digits mth the palm, and in relation to the joints between 
the phalanges of digits Flexion creases are present also on the sole, though 
with the exception of those assoaated 
with the toes they are not conspicuous 
after early childhood Flexion 
represent the location of firmer attach 
ment of the skm to underlying stme 
tures, and they are regions which 
remain relatively fixed during move 
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Pic 37 —Parts two paV« priftta 
eolarged ndgt irregular ties m 

flesic^ creases 


meat of the parts There occur also^ and more frequently 
certain groovings produced by bulling of the skm rather 
than by motion m flexion From thetr appearance m prints 
such furrows are known as whtte bne s (Fig $6) 

Flexion creases are associated with localued deficiencies 
of ndge formation (Figs 26 and 37) A senes of ndges 
transected by a very narrow crease may appear sharply 
inased Within the wider flexion creases ndges may be 
abruptly turned in their courses and typically they are 
broad, low and frequently interrupted Their suppression is 
sometimes so extreme that ndge structures are not apparent, 
either m direct eTiamination of the skin or in prints The 
defiaent ndge formation noted m a flexion crease eiidently 
IS developmentally dependent upon factors associated with 
thft. K \% 

in figure 38 The proximal interphalangeal flexion creases 
of this finger are normally present, but in the area ivhcre 
the distal creases riould be expected the print shows no sign 
of them The ridges m this region are typical in structure 
and course The distal interphalangeal joint is congenitally 
not movable, though the X ray shows the joint to be 
present 


m later hfe 



Tig 3 ® — 
pnnt of tbe 
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of 4 negro 
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Histology 

The skin of the volar regions hke skin everywhere is composed of two 
main layers epidermis and dermts or cortum (Fig 39) The epidermis 
the superficial layer is subdivided into several strata having different 
structural characteristics Its outermost layer is the stratum corneum 
composed of an accumulation of dead comified cells that constantly 



FiC 39 —A ibrMHiiffletis cnal r^presentat on of tli« structure of ndged ck n The ep denzus %a 

partly lifted from the dermis to expose the denoal papilUe 


slough as scales from the exposed surface In the volar skm this layer is 
thick and is molded on the surface as ndges and sulci The deepest layers 
of the epidermis consist of living cells cells which are constantly multiply 
ing to replace the dead scales lost from the surface of the stratum corneum 
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In the mtermediate strata the cells undergo progressive coruification as 
they approach the stratum comeum Eveo epidermal cell begins its life 
history m the deepest part of the epidermis and is gradually shifted to the 
surface, the cormfication occurring m the course of its migration 

The plane of junction of epidenms and dermis is not smooth It presents 
closely dovetailed UTegulanties of the two layers The irregularities of the 
dermis are blunt pegs, dermal papillae, composed of more delicate con 
nective tissue than that of the main thickness of the dermis In addition 
to its framework of connective tissue, a papilla enlodges tufts of capil 
lanes which are brought into dose functional relation with the epidermis 
It IS thus that the epidermal cells receive their oxygen and food supply and 
deliver their wastes to the blood and lymph Other dermal papillae 
possess nerve endings whidi serve the sense of touch, such endings being 
more numerous in the volar skin than in other regions 

The dermal papillae are arranged in double rows Each double row 
lies deep to a ndge of the surface, and presents the same variations of 
direction and minutiae The presence and cbaraclenstics of epidermal 
ridges are determined from their first formation m the fetus, by proUfera 
cions of cells in the aone of epidermis which is invaded and molded by the 
dermal papillae If a wound or disease process destroys the skin within 
the level of this zone the original ndge characteristics can not be restored 
\yhtVL the damage is mere shallow the efiacement of ridges in the involved 
area is only temporary 

The thicker portion of the dermis beneath the level of papillae is 
composed chiefly of a dcnsel) woven feUwork of connective tissue fibers 
Its composition and density may be best appreciated by recalling that 
dermis is the source of leather Vessels and nerves penetrate this layer of 
the dermis and the secreting parts of sweat glands which maml> he in the 
stiU deeper subcutaneous layer, have their ducts extended through it to 
enter the epidermis 

The thickness of the skm and of its component layers v anes in different 
regions of the volar surfaces, and different individuals present variations 
of thickness in corresponding areas An idea of the dimensions involved 
may be gained from the following measurements*, made in a thin section 
prepared for microscopical study This section, selected at random, is 
from the ball of a finger of an adult male The sbn is i 8 mm thick 
measured from the summits of the epidermal ndges to the plane of juriction 
of dermis and subcutaneous tissue The epidermis and dermis are of 
approximately equal thickness, if the measurement is made from the ndge 
summits to the limit of the deepest extensions between dermal papillae, 
the heights of the dermal papillae measure about o 2 mm The superfiaal 
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layers of cdrnified cells in the epidermis are o 6 mm in thickness, account 
mg for about two thirds of the depth of the epidermis as a whole 

Beneath the skin there is a layer of loose connective tissue and fat 
The looseness of this subcutaneous layer admits mobility of the skin, 
though mobility is restricted in the palmar and plantar areas as compared 
with most regions The layer serves as a padding, and it contains the 
secreting parts of sweat glands sensory nerve endings of a special type, 
and vessels and nerves which arc on their way to the skin 

The secretion produced by sweat glands is mainly water It carries in 
solution sodium chloride, varying in concentration from o 2% to o 5%, 
ivith traces of urea and other salts Some methods of developing latent 
prints depend upon the presence of chlonde, which is concentrated on the 
skin by evaporation, in the silver nitrate method the reaction is the for* 
mation of visible silver chlonde 

Constancy of Ridges and Teetr Covfigueatiovs 

Epidermal ndges are developed in the fetus in what may be accepted 
as their fixed and permanent character (Chap 10) This differentiatio n 
takes place m the t hir^and fourth mootbs of the fetal pen od^be nce it is 
impossible actually to observe the earliest continuity of the configurational 
features However, the processes of ndge development are such that any 
change subsequent to differentiation is highly improbable Observation 0! 
ridges m the same individual over long periods of time make it certain that 
m postnatal life there is no significant alteration in the details of ndges or 
m their configurational arrangements Dunng the penod of growth of the 
body the ndges enlarge keeping pace with the growth of the hand and foot 
Wentworth and Wilder (79) illustrate a senes of su pnnts of the right 
thumb of a child taken at intervals beginning at an age of nearly five 
years, the last pnnt being made at 14^^ years Dunng this period of 
rapid bodily growth the ndges grew, as did the pattern as a whole, but 
without changing morphologically With the widespread use of sole prints 
and palm pnnts in registration of the newborn, observations more ex 
tended m time ultimately may be available Abundant illustrations of the 
permanency of derraatoglyphic features through later hfe are on record, 
and the experience of finger pnnt identification workers would add many 
more cases now unrecorded in the literature Galton (57) made repeated 
pnntiT^s of several individuals alter the j>assii(g of;vears but none of his 
time intervals approaches those to be mentioned Herschel first made his 
own finger pnnts in 18^9, at the age of 26 He made them again at the age 
of 44 years, and for the last time at 83 The successive pnnts show no 
alterations of ridges and patterns A similar demonstration was presented 
by Welckcr in pnnts of his own fingers and palms, first made in 18^6 at 



GENERAL CONSIDERATIONS 


41 


the age of 34, and repeated m 1897 Another case is that of Jenmngs (19), 
who made pnnts of his palm m 1887, when he was 27 years old, pnnts 
repeated 50 years later display no alterations 

These and other like records give suffiaent proof of the uncbangeability 
of dermatoglyphic characteristics This permanency is one of the basic 
premises m the use of prints for identification Permanency furthermore is 
a keystone in various biological investigations of dermatoglyphics, 
including studies of inheritance, constitution and race The investigator 
may be confident that he is deahng wth morphological characteristics 
which appear in the individuals ab\ays exactly as they had been from the 
first 

The permanency ascribed to dermatoglyphics terminates under usual 
circumstances, only with complete post mortem decomposition of the skin 
There are, however, some conditions m which the dermatogl>'phics of a 
living individual may suffer temporary or permanent disorganization 

The pants of dish washers, scrub women and vrorLers in Ume, plaster 
and similar substances usually show effects of prolonged exposure of the 
hands to alkali and water The ridges appear only lamtly and are dis 
continuously printed yet the pattern type may be recognized by direct 
inspection of a finger, and clearly defined impressions ma> be made after 
these occupations are abandoned Comparison wnlh earher pnnts shows 
that no alteration of the pattern or of ndge details has resulted 

Leprosy may produce cutaneous disintegration of greater or lesser 
degree (36) When the damage 1$ slight and superficial the original 
characteristics of the skin may be restored Deeper invasion of the disease 
process permanently effaces dermatoglyphics in the region involved 
Excessive exposure of the hand to the action of \ rays may lead to similar 
damage of the skin 

Burns caustic agents and wounds produce no permanent effect if the 
injury is not deep enough to destroy the papillae Cuts and abrasions lead 
to varying degrees of damage to the ridges An extremely shallow linear 
cut may leave no perceptible permanent defect Should a wound be deep 
and extensi\e or should active infection occur, the ndges exhibit per 
manent interruptions and distortions assoaated mth scarnng (Fig 46) 
As a rul e even slight iniunes m a v be readtlv d istinguish ed fro m the skin 
creases which in prints appear as * w hite lines 

Total destruction of fingerprints obviouS^ would result in loss of their 
identifying characteristics The loss may not be total even nhen an in 
dividual tries to destroy these evidences of identity Several notorious 
gangsters have made such attempts by seanng the fingers viith acid or bj 
cutting them (23) In these instances only small areas of the patterns 
are mvohed, and each digit retains suffiaent ndged skin to provide for 
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Its positive identification From the description of the thicknesses of^ 
the skin layers it will be clear that if ndges are to be permanently destroyed 
the skin must be damaged to a depth of about one nullimeter More 
superfiaal injury leaves unimpaired the regenerative deep portion of the 
epidermis and assoaated dermal papillae 

A patch of ndged skin may be removed and successfully grafted in 
the same individual In a skin graft of sufficient thickness to include the 
epidermis and at least the more superficial portion of the dermis the 
ndges retain all their onginat qualities The first recorded case (25) is 
that of a man who inadvertently sliced off a patch of skin from the thenar 
eminence Immediately he restored this piece to the raw surface and 
applied a bandage The slip of skin engrafted itseU and the ndges were 
preserved A more remarkable case (37) is that of a patient in whom 
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grafts were made to correct distortions and contraction of a hand following 
severe burns The surgeon interchanged patches of skin of a finger tip and 
an area on the palm Both grafts took/ and m consequence the distal 
phalanx of the finger now bears a pattern which originally had been on the 
palm, and the palm carries the finger pattern, both unchanged except 
in the marginal zones of scar 

Another instance, made public through Ripley s press feature Belted It 
Of A ot was thus described ‘‘Has 10 finger pnnts but only 9 fingers—He 
lost his thumb in an acadent and the thumb pnnt was grafted back on the 
palm of his hand '' Investigation ol this case proved Us aulhentiaty * 

Perhaps the most spectacular case (20) of finger prmt grafting is one 
in which the skin of all ten fingers was replaced by skin from the sides of 
the chest The operation, designed for removal of the finger prints, was 
successful insofar as concerned the grafting of ndgeless skin in their 
place—but its object was frustrated, sin<^ the man was identified b> 
means of ndge charactenstics in portions of the middle segments of the 
fingers 

* The Rjpley feature appeared on Slaj 77 1941 The sorgeon «bo perfonaed the openCion 
stated m response to a query from the authors that the case was an emerfcncy and that h s 
only object rvas to preserve the usefulness of the band The shm ol the thumb 'was used in this 
repair because of its avalUbiHty rather than enth any aua to test the preservation of the 
thumb pnnt 
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METHODS OF PRINTING 


T his chapter provides an introduction to methods but only routine 
procedures of making pnnts for identification and for biological 
studies are to be descnhed E\ery worker finds that experience suggests 
details of procedure which ser\ejto advantage 

Equipmjcnt akp Supplies 

The materials necessary for making ink prints are few and simple 
Several dealers handle equipment and supplies specially made for finger 
pnnt workers Though equipment may be purchased at little expense 
satisfactory results may he obta ned with largely improvised facilities 
The essentials m ipk cards or pape r roller^ inking slab and a pressur e 
p ad for palm and sole print s Other equipment suggested later may be 
ao^d for the convenience of the operator 

Before and after printing the skin may be washed with soap and water 
or the necessary cleaning may be done by wiping with a cloth moistened 
in gasoline kerosene benzine or alcohol The same fluids may be used to 
remove ink from the equipment but m cleaning the roller their prolonged 
action should be avoided 

The ink best suited is pnnters ink the job black of the trade It 
yields a dead black pnnt and (be mixing oils ensure almost instantaneous 
drying Mimeograph ink may be used instead but it is hardly as satis 
factory Neither wnting ink nor stamp pad ink is suitable for the purpose 
For finger print identification files standard cords (Fig 41) measunng 
S X 8 inches have been generally adopted The cards are printed 
spaces for registration of the prints m a fixed order and for written entnes 
uniformity being an obvious requisite in identification files Fingers as 
well as palms and soles may be printed on paper of the size most con 
venient to the individual worker In selecting paper both durability and 
quality of surface arc to be considered The paper should ha\e enough 
body to be durable and at least one surface should be slightlj glazed 
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It should not be too stiff to conform to the irregular contours of the palm 
and sole m printing In the authors coUccUon assembled for biological 
studies the sheets measure 8^ X 11 inches The entire hand is printed 
on a sheet ^hith carries also along the fewer margin Tolled pnnts of the 
fingers arranged m the natural order The digital sequence is verifiable 
by the plain pnnts registered in the impressions of the whole hand The 
sole pnnts in this collection are not simJarly accompanied by toe pnnts 
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Fjc 41 ““A fin^et pr at card oi the type nsedl^y \h« Pederel Bureau o! Investi^al on (Cc«» 

0/ J Hctnrr ) 

for reasons to be explained ScUaginhaufen uses pnated sheets measunng 
24 X 24 inches ruled into sections for registration of all areas of each 
subject In oddiUcu to spaces for whole pnnts of both hands and both 
feet he provides for separate impiessions of several of the more critical 
regions of the palm and sole Spaces are niled on the form for the complete 
senes of fingers and toes but the toe patterns are sketched rather than 
pnnted EhminaCion of the multiple sheets which are otherwise required 
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seems too small an advantage to compensate for the awkwardness of so 
large a form 

A roller is necessary for spreading ink Rollers specially designed for 
finger printing are obtainable, but the soft rollers used by printers and 
engravers also have the desired quahties The firm rubber rollers used m 
photographic work will serve, though they are not as satisfactory 

An tnkittg slab is a plane surface on which ink is rolled into a thin film 
The slab may be of glass, preferably plate glass, or a sheet of polished metal 
(e g , copper or brass) solidly backed with wood The size of the slab will 
vary according to individual needs and preferences Those in most common 
use are from 4 to 6 inches m width and from 10 to 14 inches in length 
A Ttgtd plane surface upon which the card or paper is laid during the 
process of printing is indispensable A smooth table top or sheet of glass 
meets most requirements^n fingei>pnnt offices a part of the equipment is a 
speaal card holder,Svhich provides a ngid surface and exposes only that 
portion of the card in immediate use 

A pressure Jiadinstead of a jigid'surface is recommended for printing 
palms and soles The^iad m^*be cut from a chair cushion or “kneehng 
pad” made of spon^ rubber B^<jfwse ^e pad is yielding it secures full 
contact of the hoTIow oft^e palm in printing Some other devices advocated 
for the same purpose make use of a ngid surface, a cylinder or a convex 
platform 

For pnnting’lTn’gefs and palms, a table of a height best suited to the 
standing of both subject and operator should be provided Such a table 
might be either an independent piece of furmture 42 to 45 inches in height, 
or a small platform giving this elevation when set on an ordinary table 
If much printing of toes and soles is to be done, the operator may place a 
chair for the subject on a platform raised to a height affording convenience 
in printing 

Procedures in Making Ink Pretts 

General Directions The use in identification offices of a standard 
finger print card with spaces for entries of name and other information, 
makes almost automatic the routine of recording, data for each subiect 
For biological studies, where procedures are not thus standardized, the 
worker plans his own system of recording WTiatcver the details of such 
a plan may be, it is imperative that every sheet for one subject be properly 
identified with that subject, perhaps with an accession number referring 
to a catalog of the collection When separate slips of paper are used for 
printing areas singly (e g, toes) each slip must be marked also with an 
identification of the digit or region 
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Many biological studies are immediately concerned with some Unuted 
region of the dermatoglyphics, frequently finger pnnts alone However, 
the worker might profitably record the pnnts of ^ areas There are many 
biological problems which remain to be studied, and, since all ultimate 
needs of records are not foreseen, future disappointments may be obviated 
by completely printing the subjects while they are available 

The skin of the parts to be recorded should be cleansed and dned 
before printing The intervals of cleaning the roller and inking slab will 
depend upon whether the equipment is m use continuously or only 
occasionally In any case, their cleaning must be timed so that the ink 
will neither thicken on the equipment nor accumulate dust and hnt Such 
deposits interfere with the making of good prints 

A small daub of ink is placed on the inking slab and spread with the 
roller into a thin even film The reqiusite arm^unt of mk can be deter 
nuned only by practice After a few triih the (^era%r*will have learned 
to use the optimum quantity, and will aUo to gauge the amount 
needed for preparation of the slab aoMfor/epIeni^^ent^pniig continued 
pnnting ^ 

In pnnting some regions, eg>eaall^'the fiDget€» the part is applied 
to the ink film directly Ink dings to T!ie ndge*sum^ts, tSe corresponding 
lines of depleted ink being apparent on the slab Unless unmarked film 
surface is available for successive impressio^^he slab must be rolled 
again, for if two impressions are taken from thelfm? 3 R^e second pnnt 
will be discontinuously inked 

The subject should remain relaxed and passive, giving the operator 
complete freedom in the maoipulatious 

The pnme objective js complete and dearly deaphcrable pnnts 
Improper inking pcorl> controlled pressures, and dragging across the 
paper are the common sources of imperfection The pnnts should be 
inspected as they are made, to check for possible technical defects Wlule 
the subject is accessible an imperfect record may be replaced, and steps 
may be taken to correct faults of technique 

Fingers A plain, or dab, pnnt is made by contact of the ball of the 
finger without rotation of the digit A rolled print involves rotation of the 
finger both in inking and in pnnting, to obtain a complete impression of 
the ball of the finger On a standard finger pnnt card the rolled pnnts 
are recorded within labeled squares, one for each of the ten digits (Fig 
4 i) In other sections of the card the plain pnnts are added to vahdate 
the sequence of the separate roDcd prints The plain pnnts are useful also 
as duplicate impressions, sometimes presenting details more dearly and 
truly than the rolled prints In plain'^nts, however, the patterns usually 
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are incompletely registered, and in some pattern types this incompleteness 
might lead to erroneous classification (Fig 42) 

In making a rolled print the finger is first placed edge down on the 
ink film and then tolled until the opposite margin is in contact. With 
this one roll the inking is completed The inking should extend from near 
the end of the finger to a level slightly prorimal to the flexion creases 
of the distal interphalangeal joint The finger is next pressed edge down 
on the card or paper and rolled to its opposite edge ivith the same motion 
as in inking. Certain of these manipulations mil be least awkward if the 
operator takes advantage of the anatomical adaptations to rotation of 
the hand and arm Thus a thumb would be placed ulnar edge donnnard 
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and rolled towar^^e body, and other digits are placed radial edge down¬ 
ward and rolled awaj? iiom the body 

The making of plain pnnts calls for no description, since the illustration 
of a finger-print card (Fig 41) is suffidently explanatory of the imprinting 
of the four fingers of each hand together m one contact, and of the two 
thumbs in another 

Palms An impression may be made of the p&Im alone or of the palm 
and fingers, according to the chosen ^stem of record Of several suggested 
methods for inking, the simplest is pasriog the inked roller repeatedly 
over the whole area to be printed The following areas require special 
attention: the zone of flexion creases at the wrist, the ulnar margin, the 


flexion aeases where the fingers Jtan the palm, the central ^'hollow” of 
the palm. Unless these areas ate inked and printed the palmar impression 
will lack critical features 
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Alter the inkrng is completed a- sheet of paper is laid on the pressure 
pad and the operator brings the ulnar margin of the subject s hand against 
it The hand is then rolled palm downward and pressed firmly against 
the pressure pad Pressure is exerted particularly over the centra! region 
of the hand and over the knu<^es to ensure pnntmg of the hollow of the 
palm and the distal border Should the central region escape pnntmg the 
blank area m the punt will obstruct the traang of hnes of interpretation 
through this region If the distal palmar zone is incompletely printed 
the traang of these lines is impossible since their starting points are the 
triradii lying near the distal margin Imprinting the ulnar border of the 
hand is important because of an occasional relabon of hypothenar 

patterns on this bojde^^ A frequent pattern of the 
C-i) 0 ^ hj’^thenar region^ a Joop with its head or enclosed 
^ extremity'^wcted toward the ulnar margin (Fig 
6 j). The Bead bf iucB a pattemiilSJ^eT^itfhe ulnar 
boraer instead t the Sat of the |ialm and a pnnt 
of theiflat e palm akthe •Rpuld display no 
evidence of the existence His pattern -A complete 
palm jpnM IS to a rolled pnnt of a 

finger? * 

Soles iWp 1 a)n pnntthefootinthe 
ordinal wetght.beanng wntact la a pnnt of the tread 
y/ area There are individual variations m the extent of 
' the tread area associated ^ith differences of the 
plantar arch and genera] conformation of the foot 
but almost ne\er is a tread area pnnt a complete 
dermatoglyphic record Figure 4j 'fs a traang of a 
sole pnnt with the tread area outlined to demonstrate 
the extent beyond it of the area of ridged skin and 
the occurrence m this instance of significant con 
figurations along the tibial and fibular borders An ideal pnnt of the sole 
in which the ndged skin is completely recorded corresponds to a rolled 
pnnt of a finger 

The sole is inked by passing the roller over it as desenbed m palm 
pnntmg Care must be taken to secure complete inking of the digito 
plantar zone (where there arc digital tnradu as in the palm) and of the 

‘clorii anli^drar^orfiers 'Tne pressure pah is useb'io'ahv'aitege ni'^nk 

ing though other devices may give equally good results With the paper 
l>iDg on the pad the fibular border of the foot is brought into contact 
and then the sole is rolled downward on the paper to complete the iznpres 
Sion of the tibial border it ma> be necessary to manipulate the pad and 
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paper against it Even with these precautions the sole print may be in 
complete The worker must then employ son^ expedient to secure impres 
sions of the inadequately printed regions It is possible for example, to 
reconstruct a total print from several regional prints of successive trans 
verse zones, the individual zones being pnnted independently on strips 
which are pressed around the inked foot 

Toes Toes are more difhcult to pnnt than fingers, palms or soles 
E\en when the toes are not compressed and distorted, as they usually 
are, their shortness and limited mobibty are a decided handicap in printing 
Consequently, toe prints are lacking in most collections of derma to 
glyphics A set of toe prints is not likely to be techmcall) perfect but 
impressions adequate for study may be secured 

The toes are inked and printed one b> one on small slips of paper 
A separate slip for each print is cfipst convenient but care must be taken 
to mark it for identificatio?! of the? digit Ink ma> be applied with a small 
roller or by swabbing with^oaoked rubber paddle The slip of paper is 
first loosely wrapped around ball of tie toe and then pressed against 
it, thus obtaining an ^presston equivalent to a rolled print Some of the 
devices used for making fio^riprints ok the dead might be applicable m 
toe printing These^^evices are ^‘spoons y shaped to receive the finger and 
to hold the paper strip ht pntrting Th^lain toe prints which arc regis 
tered m the impression of the sole,‘^xcept tor the big toe are usually too 
incomplete to be of any use Often the pattern area makes no contact in 
pnnting, and sometimes no part of the toe is pnnted owing to displace 
ments assoaated with compression in shoes 

SpECiAt Cases In many hospitals the soles or palms of newborn 
ttifanis are pnnted as a supplement to other more immediatelj serviceable 
identifying devicfs such as labels or necklaces of lettered beads The need 
to print infants anses occasionally also in biological investigations and 
in cases of questioned paternity Successful finger printing before the 
fifth or sixth month is practically impossible and difficult from that time 
to the close of the first year (204) Palms and soles are managed with 
less difficulty 

According to Pond (91), wiping with drj gauze is usually sufficient to 
prepare the palms of newborn infants for printing He advises that when a 
persistent greasj paste remains it may be removed by a swab moistened 
with hydrogen peroxide The ink lUm must be spread thin since the ridges 
in infants are delicate W itb the infant placed on a table, the operator 
straightens its fingers and then applies the inking slab against the extended 
palm The card or paper, backed by a supporting board, is then pressed 
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against the inked palm Printing of soles is simpler^ since they are accessible 
without manipulation of digits 

Identification workers are familiar with vanous kits designed to bold 
equipment for printing, several types being supplied by dealers The bio 
logical investigator aUo may ha\e need of a portable outfit for work in 
homes institutions or elsewhere away from the conveniences of his labo¬ 
ratory It ts unnecessary to detail the design and content of such a kit, 
since the requirements for pnntiog are the same as those outbned above 
and the only further need is convensenl portability The operator will 
most likely wish to transport no more than the bare essentials for pnnting 
The occasion may ansc for seoinng pnnts of a subject who is not 
accessible to the investigator If some person, perhaps the subject himself, 
IS willing to make the pnnts the necessary matenals may be easily sup¬ 
plied Ink may be rolled on w axed papdf Iwo^uch sheets being placed with 
their inked surfaces together An adequate number of these inked sheets 
paper, brief directions and sample^pnnts for guidance are all that the 
amateur collaborator will need , ^ * * 

t / ' - ^ * 

ISKLfiss Methods JONTi^ 

•J ^ V 

Inkless pnnting may be called cut ehhe; rnlb commeraall} available 
equipment (e g , the Faurotibr the K^nVoutfit) or with matenaU assem 
bled by the operator himself The advantages of the mUess methods are 
their tidiness and avoidance of ofiending the sensibibties oi subjects who 
object to being smeared with 10k The outstanding disads^ntage of these 
methods 1$ lessened control o! the operations in printing 

In the photo paper method (S^) a stock solution is prepared sodium 
sulphide, 25 grams, sodium hydroxide (sticks), 5 grants, soluble starch 
7 grams, distilled water, 100 cc The sodium sulphide and sodium hy 
droxide are dissolved in part of the water, the remainder of the water is 
boiled and the starch dissolved id it The starch solution is then added 
slowly to the first mixture, and the ntatenal 15 stirred vigorously and 
allowed to cool The working solution is made by adding one part of the 
stock solution to four or five parts of distilled water A blotter moistened 
with this mixture serves as the '^laking The part to be printed is 

first pressed against the moist blotter for a few seconds, and 1$ then applied 

fixed in hypo, washed and dned as in the usual photographic process The 
fixing may be done immediately or delayed for sev eral days if Ibe paper is 
protected from light One user of the method has reported it to be supenor 
to the ink method, especially id deabng with infants 
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Some investigators make pnnts m latent form In Bander s procedure 
bloUvng paper soaked with a light machine oil serves as the inking slab 
and the finger or other part is applied to it in the manner of the mk 
method The paper on which the impression is made is dusted ^^th the 
black powder commonly used in treating latent prints and then sprayed 
vath a fixing solution (alcohol 20 parts white shellac 2 parts sandarac 
gum X part) A similar method is employed by MacAtthur and Ford (a 16) 
who describe it as follows 

The first step consists of rubbing a hand lotion into the skm sur 
face a face cream is preferable if the skin is patUculaTl> dry The 
moist hand is then pressed hghtl> upon kimcograph paper [kymograph 
paper which has a glazed surfaccl laid on a rubber pad two or three 
impressions may be made after a single moistening A generous amount 
of very fincl> powdered and sifted lampblack rolled back and forth 
repeatedly over the face of the paper with a rocking motion develops 
ver> clearly the m%nsiblc ridge and sweat pore impressions The bulk 
of the excess powder is poured off and the remainder removed bj a 
vigorous shaking after which the pnnt is fixed from the back 10 a 
shallow tray containing a small amount of a solution of 30 gms of 
resin to one liter of 9^% alcohol The chief menu of this method are 
that It affords no luconN^ruence to the subject since it avoids com 
pletely any staining or eien a temporsr> d scoloratioD of the hands 
and It brings out details possibl) better than does ink with >oung 
children whose fine ndges flatten with the least pressure 

A method involving use of photographic film is reported by Schott 
whose experience with Lapplanders convinced him of the need of an inkless 
method when dealing nath peoples who shy from being smeared with ink 
Lanolin is rolled on a glass plate as ink is rolled in the ordinary method 
and the impression from it is applied to photographic film The film is then 
processed and pnnts made therefrom as m ordinary photography The 
lanolm is removed from the film by wiping dunng fixing Both the onginal 
impression and the processing ma> be done in daylight though Schott 
recommends stonng the film in a light proof container until processing 
The \ ra> is of occasional value in finger print identification It is 
useful when other possibilities of finger pnnting fail as when pnnts are 
to be made from a bod> in an advanced state of decomposition The 
method has possibilities of application in biological studies Several work 
ers supply accounts of methods which are reviewed by Castellanos (122) 
Bnefi> Btclere s procedure in dealing with a living subject is to smear the 
skm with lanohn the \ Ta> opaque medium bismuth carbonate, is then 
applied and distributed b) gentle massage The excess is wiped off and 
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the shadowgraph taken by the usual X ray procedure Other substances 
opaque to the X ray such as white lead may be employed The X ray 
shadowgraph (Fig 44) shows, m addition to bones and soil parts, the 
finer details of the skin surface the opaque medium having been retained 
in the sula and sweat pores 

\ alsik (99) utilizes an indixect fonn of X ray record in correlating the 
positions of tnradii with the hand skeleton He affixes a small lead i>ellet 



Tig 44 '^Afl X rty finger print (CoitfUsy <»/ Dr fsrael ) 

With adhesive at the point of a tnradius and the X ray shadow o! the 
pellet marks the location of the tnradius for reference to bony landmarks 

Equipsievt roR tiie Examination of Prints 

For examinations requiring a large working field, as in studies of palms 
and soles a reading glass or a loupe which is uom as spectacles will be 
useful though the low magnifying power of such lenses hnuts their efiec 
tiveness A lens magmfying from four to five diameters is necessary for 
the inspection of ?nnt details The selection of a particular form of lens 
mounting may be guided by the character of the work to be done For 
examination of finger prints there are sc\eral commonly used forms of 
mountings An excellent style (Fig 45) designed cspeaally for finger pnnt 
work IS in a threaded mount for focusing It has a horse shoe base slotted 
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to receive the ruled glass discs whidi serve speaal purposes in some finger 
print methods Rulings are available for coding pattern details as pre 
scnbed in certain single finger print systems Another ruling, a straight 
line crossing the entire disc through its middle, is designed as an aid in 
counting ndges (Speaal rulings fitted for particular purposes might be 
supplied by the manufacturers One of the Amcncan manufacturers of 



Pic 45 recommended style of linger print tnagiufier shown in use with e d sc in pl»ce 

{CourUsy 0/ and Lom^ Opiml Company ) 

optical instruments has supplied on speaal order a ruling for a study of 
breadth of epidermal ndges, the ruling m this instance being a one centi* 
meter hne engraved in the center o1 the disc*) 

In counting ndges, whether or without a ruled disc, an indis¬ 
pensable accessory IS a needle with its head inserted m a convenient holder 
This IS used as a pointer m following from one ndge to another The tip 
of the needle must be sharp, since this pointer as nell as the print is 
magnified 
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ARRANGED according to the amount of a\ailable information con 
Xx. cermng them, the dermatoglyphic areas rank in this descending 
order fingers, palms, soles, toes It is not surprising that finger pnnts, in 
view of their wide application id personal identification, stand first in the 
list The fingers, moreover, are pnnted easily, and even investigators whose 
interests are not confined to identification have tended to neglect regions 
more difficult to record 

FUNDA^IZKTAtS or FI^O£R RRIST CONSTRUCTION 

Finger prist Topocrapiiv The finger print of conventional desenp 
tion 18 a pnnt of the coniiguration of the ball of the finger The configura 
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Fig 46 —Three bas>c types of finder pnnts whorl loop arch 


Uon IS incompletely registered since the rolbng process is not designed to 
secure the impnnt of the extreme tip of the finger To introduce the pnnci 
pies of finger pnnt construction, attention may be devoted first to the 
three basic pattern t>'pcs distinguished bj Gallon—the whorl, loop and 
arch (Fig 46), choosing an example of each which represents the type in 
ideally simple form 

The typical uhorl is a generalised pattern which may be used to advan 
tage as a standard of reference It is distinguished by concentnc design 
The majonty of tbe ndges make circuits around the core, a pivotal feature 
m the mtenor of tbe pattern The whorl in figure 46 is completely and 
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continuously circumscribed by the type lines, here drawn as sobd lines for 
emphasis * These type lines traced on the print according to conventions 
which are to be defined are the radiants extended from the two triradu 
The area enclosed by the type lines (but continuously enclosed only in the 
meet whorl, to be charactenzed later) is the pattern area The type hues 
are appropriately termed the skeleton of the pattern The form and design 
of the pattern are suggested by the skeleton much as the bony framework 
of an animal gives a clue to the form of that animal in the flesh If one 
were to lift away the type lines and examine them without access to the 
remainder of the configuration it would be possible still to recognize 
the general character of the design The pattern area represents only a 
part of the whole finger print The region distal to the pattern area is the 
dtstal transverse rjr/ew and the territory proximal to the pattern area is 
the proximal iransterse system 

The loop (Fig 46) is simpler in construction than the whorl It possesses 
only one tnradius Instead of coursing in complete circuits as m the whorl, 
the ndges curve around only one extreputy of the pattern forming the 
head 0! the loop From the opposite extremity 0! the pattern ndges Sow 
to the margin of the digit, this extremity of the pattern thus may be 
described as open It the loop opens to the ulnar margin it 1$ an ulnar loop, 
and if to the radial margin it is a radtal loop 

The finger print with a loop pattern has the same topographic zones 
described in connection mth the whorl pattern area, distal and proximal 
transverse sj stems These zones arc not deliimted on the open side of the 
loop because there is no tnradius with which to establish boundaries 

The arch here illustrated (Fig 46) is a plain arch the simplest of all 
finger pntit configurations Though usually loosely referred to as a 
* pattern the plain arch is actually patternless The ndges pass from one 
margin of the digit to the other with a gentle distalJy bowed sweep which 
gives the name to the pattern type There is no tnradius and the three 
topographic zones of other finger print types are not distinguishable 

Triradii a tnradius is located at the meeting point of three opposing 
ndge systems In a typical whorl or loop such a meeting occurs at the 
conjunction of the three topographic zones—the pattern area the distal 
transverse system and fUe proximal transverse system 


* The style of draw mg in figure 46 is tlut commonly adopted for illustrating configtiraUooa 
under conditions in rvdse details are uo mportant The type Unes of finger pt ots and 
the correspond ng I nea of uiterp^t^Uon traerd on • palm or sole are reproduced accurately 
and ecuphasued in the dravMng while coorses oC other r dges are filled m only suffieienUy to 
portray the general aspect of the configuratMui This method of drawing has the advantage of 
representing the c^nfiguraUoD stripped to lU skeletal features 
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The term delta is often used as a synonym for tnradius, but a dis 
tmction may be made between them on the basis of the arrangement of 
minutiae (71) A delta m the stnct sense is a tnangular plot, and the 
tnradius is represented by ndges forming its boundary A tnradius how 
ever may be present when there is no della m the stnct sense, being formed 
m this instance by three ndges radiating from a common point In the 
usage here adopted no discrimination is made between these two mam 
forms of structural organization Since a tnradius is present even when 
there is no true delta, the term tnradius is used throughout this work 
This requires substitution of the term Irir adtd poi nt (point of tnradius) 
for the more generally familiar point of delt^ a term which would be 
mappropnate for tnradu not assoaated with deltas 

The tnradius has a double importance in finger pnnt analysis First, 
the ridges extended from it are the three tadxanH^ the type lines above 
desenbed, they aid in interpreting the con6guration because they consti 
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tute the skeletal framework The other significance of the tnradius is that 
it provides a landmark (tnradial point) for ndge counting and tracing 

All tnradn are assoaated with abutment 0! three ndge s> stems coursing 
1x1 different directions The orgaiuzatioo of ndge elements composing 
tnradii is vanable One of the more common t>'pe5 of constniction is that 
shown in figure 47,A-C, where three ndges radiate from a common point, 
the angles separating them being nearly equal Other % anelies o! construe 
tton are illustrated m figure 47 

In Its service as a landmark for ndge counting a specific feature of the 
tnradius is singled out as the inradtal point This point forms the outer 
ierminui of the hue along which ndges are counted In tnradu constructed 
as m figure 47,A-C, the meeting point of the three ndges is the tnradial 
point If there are two or more bifurcations, the tnradial point is located 
on the one nearest the core If an island forms a central stnicture (Fig 
47,E), that island is the tnradial point The corresponding locus in less 
orderly formations (Fig 47,G-H) may be ordinanly identified under 
companson with the simpler constructions 

A pattern may be so expanded that its margins encroach mto the 2one 
of junction of ndged skin and the generalized skm of the dorsum of the 


FINGERS 


59 

finger In such cases tnrada do not occur m the expected relation to 
patterns, for the reason that their potential sites are devoid of ndges 
Though tnradu are not actually present their potential formation is 
predicated by the character of the pattern, and they may be described as 
ex irahmttal , \ e , beyond the hnnl of ndged skin (Common examples are 
a^orded by patterns of the palmar hypothenar area and the hallucal area 
of the distal sole, less frequently is a pattern on a finger or toe thus 
characterized) 

Radiants The three radtants of a tnradius are traced (though not 
necessarily marked) on the print by following the ndges which issue from 
the tnradius In some tnradu (Fig 47,A C) three rays are easily defined 
as the starting points for tracing Otherwise, the starting points are the 
ndges which form the angles of the delta In following a radiant bej ond 
an interruption of a traced ndge, the traang is continued on the ridge 
which IS in end to end relation or, if there is no such ndge, the tracing 
line is transferred to the next ndge on the side au.ay from the interior 
of the pattern area^^ similarly, in meeting a bifurcation the tracing is 
followed on the peripheral branch of the fork 

From their t>'pical association with patterns the three radiants (Fig 
46) are named according to their relations with the finger and with the 
pattern the fnargtnal radtant, passing to the digital border, the distal 
paiUrn raitanif in marginal and distal relation to the pattern area, the 
proximal pattern radiant^ in proximal relation to the pattern area The 
two pattern radtants may define a complete boundary of the pattern area, 
as they do in a whorl around which the proximal and distal radiants meet 
(Fig 48—patterns i, 4, 5 6) The pattern radiants may in\ade the 
pattern area (Fig 48—patterns 7 8 13 14, 15) Vvben invading radiants 
become involved u\ the pattern design the traang is discontinued with 
the recognition of this relationship if carried further, the tracing would 
only build a more nearly complete skeleton 

Cores The core is an internal feature of a pattern In a typical whorl 
the core, or hub of the enarchng s>stem may appear as an island, a short 
straight ndge, a book shaped ndge or staple, or as a arde or ellipse 
Some whorls ha\e duplex cores In a typical loop the core may be a single 
straight ndge (rod), a senes of two to several such parallel rods, or, 


* Tlus direction to step outwird 'to lite trsciii^oC ndiants b in accord with tht procedure 
pmeribed by Henry In prMnUnf a oozncrical system for tndtnng fiofer prints, wberem 
the courses of radiants assume a specul s ^Seance Mairs (69) modifies the prescriptions for 
traang: Accord ng to his mod ficauoti the rule to step outward applies only to radiants 
forming outermost boundares of patteroa, wlule in tnang radunts which lie within the 
pattern area there u a ^ step inward ’ instead cS outward 
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among other common arrangemeDts, it may be a ndge formed as a hairpin 
loop (staple) Characteristics of the core area are of speaal importance in 
single finger print systems of identification» since classification of the 
single impressions must be based upon the minutiae which are most likely 
to be available in chance prints 

The point of core is a landmark for ndge counting It is not the core 
as a whole, but only a centrally located core clement subject to a fixed, 
though sometimes arbitrary^ definition In a loop having a single rod core, 
the distal tip of the rod is the point of core (Fig 53) If there are two rods, 
the one farther from the tnradius is the point of core, with three or any 
uneven number of rods, it is the lip of the central one, and if there are 
four or SIX rods the central pair 15 treated as desenbed for a two rod core 
In a staple core the point lies on the hmb opposite the delta, at the junction 
with the distal recurvature of the staple The cores of other pattern types 
are analyzed according to the same general pnnaples Ridge counts as 
will be explained) do not include the tnradiat point and point of cote, their 
service being limited to the onentation of the Imc of counting 
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In the arch loop whorl classification of Gallon any pattern having two 
or more tnradii would be assigned to the class of whorls This broad sense 
of the term whorl'’ is still the standard in those biological problems 
which can be most satisfactonly analy^d by employing gross classes 
rather than refinements of classification For personal identification and 
for some biological investigations finer groupings are necessary The two 
usages of the tenn whorl are distinguished here by quahfying as 
'‘true whorls those patterns of the Henrv classification cbaractenzed 
by concentncity WTicn the term is applied without this qualification it 
IS used in the sense of Gallon, to include composites as well as true whorls 
Various workers have proposed schemes of classification of pattern 
types The principle of classification is similar to that of all branches of 
the natural sciences The mam groups are each composed of forms alike 
m some character or characters, but with differences which aUow for 
subdivision of the group For the present purpose it suffices to present 

oi the. hUoxy daxsificatma and. onmeodatjice The Henry 
system is more widely used than any other, and it is moreover the founda 
tion of the modified s> stems (47, 60) 

< In the Henry classificatum there are four mam types of patterns 


{^arches, loops, [true] whorls and composites The composites as will be 


* shown, form a heterogeneous assemblage of patterns 
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In cliaractenzmg pattern types frequent reference will be made to the 
sketches of 39 patterns assembled in Bgure 48 References to the figure 
number will be omitted m this section, the identifying numbers of the 
patterns being cited alone 

Tkui: Whorls True whorls typically possess two tn radii, and are 
patterns so constructed that the characteristic ridge courses follow arcuits 
around the core A frequent configuration is a succession of rings or ellipses 
(Patterns i, 5) Another common arrangement is a spiral course (Pattern 
2) The continuity and expanse of the spiral in reference to the pattern 
area are variable and the direction of spiraling may be either dockmse 
or counter clockwise In some whorls a part of the pattern area may be 
truly concentric and another part spiral The shape of the pattern area 
may be either essentially circular or elbptical The periphery of the whorl 
determines the general shape of the pattern area The shape of the central 
part of the whorl may differ, so that a circular conformation of ridges 
in ihe VTnmtdiaie ntigbboibood of Iht tore Tna> be associated with a 
generally elliptical penphery, or the reverse 

Cores are of various forms an island, a short straight ndge, a small 
arcle or elhpse, two interlocked hook shaped ndges or staples, and other 
less common forms 

The four pattern type hnes have variable relations they all meet 
(Patterns 1, 5,12) to aroimscnbe the whorl continuously, the two distal 
pattern radiants meet but the proximal ones do not (Patterns 11, 13); 
only the proximal radiants meet (Patterns 7, 8)» there is no meeting of 
radiants 

The rvord ' meet as just used, applies to 3 Lteral joining of the traced 
type lines In identification practice under the Henry system three classes 
of whorls ate distinguished according to the relation o{ the proximal 
pattern radiants inside whorl meet whorl outside nhorl Arbitrarily, the 
tracing is from the tnradial point on the left side of the pnnt, irre^pectne 
of whether the digit is of a nght or left hand The tracing is earned from 
this ‘‘left' tnradial point toward the nght The whorl is desenbed as a 
‘‘meet*' whorl if the traced hne runs mto the proximal pattern radiant on 
the opposite side (Patterns i 8 ) or if the tracing is separated from it b> 
not more than two ndges either inside or outride the pattern radiant 
U hen the traang passes external to the opposite tnradial point, separated 
from It b) three or more ndges the pattern is an “outside" iihorl (Pat 
terns 13-15) The pattern is an ‘inside” whorl if the tracing passes 
toi^ard the mtenor of the pattern area, with three or more ndges between 
this line and the nght tnradial point (Patterns 9, it) Ridge counts may 
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be made between the traced line and the right triradial point as a means of 
subclassification. 



Pic. 48 —A “*fami3y tre«’* ci &Dger'pnst type* {Modi^d from ) 


For biological analj*ses some of these procedures, designed for identi¬ 
fication routine, call for modification. Practicable though it is in identifica- 
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Uon to \gTvore the true positvon of the *^le{t” tnradial point and of a 
non meeting with respect to radial or ulnar side, any study involving 
asymmetries of patterns will of necessity distinguish the radial and ulnar 
directions The same pnnaple applies to the descnptive designations of 
non meeting distal pattern radiants 

The size 0! a whorl may be descnbed by its ridge count, the method to 
be detailed later Inspection alone shows that there are wide differences in 
the ^anse of the pattern area (Patterns i, 5, 12, 19, 26) 

■Composites Composites are compound patterns in which two or more 
designs, each conforming to the general aspect of one of the simpler types, 
are combined m one pattern area Tno or more tnradu are present There 
are four chief types of composites central pocLet loops, lateral pocket 
loops, tnm loops, accidentals—all, as before noted, being members of 
Gallon’s class of whorls 

A central pocket in its characteristic form (Pattern 22) is essentially a 
whorl of reduced size lying m the interior of a pattern area which is con 
structed mainly as a loop A central pocket is a pattern intermediate 
between a whorl and a pure loop (compare patterns 15, 22 and 29) Central 
pockets are classed as radial or ulaar accor^og to the direction of the open 
extremity of the loop They may be subdassified according to type lines* 
cores and ndge counts 

Lateral pocket (Pattern 10) and iwnloops are closely allied morph* 
ologically, either type being composed of tvio interlocked loops The dis 
Unction between them is of importance in identification, but is ordinarily 
negligible in biological studies They differ with respect to the coursing 
of ridges traced from the cores of the two loops When lines traced from the 
two cores emerge on the same digital margin (radial or ulnar) the configu¬ 
ration IS a lateral pocket loop while if the two lines course to opposite 
margins it is a twin loop 

AccxdeniaU arc complex patterns, formed by combination of two or 
more usually unrelated configuration types—a whorl and a loop, a tented 
arch and a loop (Fig 42,A), tnpic loops and other bizarre configurations 
not assignable to the standard types 

Loops Loops already ha\e been characterized in the preliminary dis¬ 
cussion oi Gallon’s three basic types of patterns, and the distinction 
between radial and ulnar loops has been made Attention may be directed 
now to other criteria of classification applying equally to the radial and 
ulnar vaneties First to be distinguished are plain loops^ loops which show 
no disturbed configurations suggesting affinity with composites The plain 
loop (Patterns 23, 29) is composed of a succession of ndges which regularly 
follow a looped course, while **transitional” loops present abortne 
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expressions of more complex patterns For instance pattern 17 is a loop 
with signs of an accompanying degenerate loop, if this degenerate element 
were perfected the pattern as a whole would be a composite a twin loop 
Corresponding configurations but simulating degenerate lateral pocket 
loops are shown in patterns 20 and 21 A central pocket (Pattern 15) 
would be converted to a transitional form, of loop in the absence of recurv ed 
ndges between the tnradius and core (Pattern 22) 

Loops also may be classified according to size (as determined by ndge 
count) core construction and form of the pattern area Some loops are 
narrow in relation to their height while others are broad The plaang of 
the core with reference to the tnradius and the type lines is variable, this 
vanation being independent of differences m pattern size The inclination 
of the pattern in reference to the digital axis also \*anes Loops may be 
erect, in bne with the digital ans, or aligned obhquely or transversely to 
the digital axis—the range of slant thus being qo® 

Arches The plain arch (Pattern 39) is composed of ndges which 
pass across the finger with a slight bow distally There is no tnradius 
The tented arch (Patterns 30 31) has a tnradius, located m or near the 
mid axis of the digit The erect distal radiant is associated with abrupt 
elevation 0! the traDS\ersel> coursing ndges, forming the tent which 
gives the name to the pattern Both proximal radiants pass directly to the 
digital margins while the distal radiant usually terminates after ^ short 
straight course though sometimes it recurves sharply as a staple There 
are still other forms of arches presenting tnradu arches which simulate 
diminutive loops (Patterns 32,36) or much reduced whorls (Pattern 34) 
All such arches are distinguished from reduced loops and whorb b) the 
lack of a ndge count * 

Transitions between Pattern Types 

U ith infrequent exceptions a finger print is ea5il> assignable to one 
of the chief types of patterns and usuaUy to a particular subgroup 
Now and then question may anse as to classification of a pattern—for 
example whether it is a central pocket or a loop or whether it is a loop 
or an arch In finger pnnt identification most deasions on such questions 
rest on arbitrary definitions which place the pattern m one or the other 
category Uere it not for agreement on standards classification files 
would be chaotic and the statistics of biological investigators could not be 


* Stairs proposes a method of couotui; ndges u tented arches. The hnt of cmint is cot 
eqQivaleotto thatappbedin otherpattema Finger Print and Ident. Mag vol le no 9 193S 
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utilized for comparisons * Rigid definitions are essential to minimize 
erroneous classifications In some biological studies however, modifica 
tions of these standards may be desirable For instance in a genetic 
analysis (154) the standard distinction between m arch and a loop which 
has a count of but one or two ridges may be meaningless and the ^\orker 
may accordingly group these reduced loops with true arches It is assumed 
that the investigator who does not conform in all respects to the customary 
cntena will define his altered standards 

From the beginning of serious investigation of finger prints transitions 
between types ha\e been recognized and students of the subject have 
speculated on their significance Whipple {147) was among the first to 
search for the underlying causes of pattern differences and to trace 
affinities among the types She ascribes gross differences among patterns 
to variability m the lowering of the volar pads (Chap jo) Whipple 
reproduces a senes of nine finger prints illustrating progressive transition 
Irom a whorl m which all pattern radiants meet to a plain arch The 
successive connecting steps are whorls with disjoined type lines central 
pockets plain loops of progressive!} decreasing size tented arches 
Such a sequence must be selected from a number of finger prints One 
pattern can not be converted mto another the senes being composed 
Tneiel} of descriptive transitions among patterns Falco (51) and Grune 
berg (202) also devote attention to the pnnaple of transitions but the 
subject has been especially investigated by Mairs (69) His finger print 
family tree composed of 39 prints illustrates several lines of descent 
from the alpha whorl to the omega arch (Fig 48) the hnes of transi 
ticn being indicated by arrows For some of the punts (the middle vertical 
column) the configuration involves no reference to origin from right or 
left hands since all these patterns are symmetrical Most of the patterns 
grouped in the other vertical rows are asymmetrical and for description 
it will be assumed that all prints arc from right hands W ith few exceptions 
the prints were so chosen that the genera! form of each of the asym 
metneal patterns is matched m the opposite section of the figure by its 
mirror image of radial or ulnar agmmetry 

The more important sequences shown m figure 48 ate (a) The middle 
vertical column (Patterns i 5 12 19 26) is a senes of five true whorls 
of different sizes each with meeting pattern radiants The smallest 
(Pattern 26) is indeed a whorl only by the last allowance of conventional 

* \monz the He nr ch Poll Papers there s a record of an agrccmeDt betiAcen Poll and 
Bonnev e w th regard to the r interpreUtioa of pattern t>pes These two invesUgalors used 
ndt and Rod cek s Doktyhsc^f < (Xienna 1904) lor reference and agreed on the class f ca 
t on of each cf the finger prsnU lilustrated u sUimtoetoua plates^ 
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definition* being in its general aspect similar to the next print la the tow 
(Pattern 34), which by definition is an arch The plain arch (Pattern 
39), with no sign of a tnradius condudes the sequence of pattern reduc 
tion (b) The prints grouped to the right side of the middle vertical row 
show transitions from the whorl to the plain arch along another line, 
m%olving successively whorls with non meeting type hues composites, 
transitional forms of loops, pure loops^ arches with tnradii Having 
assumed that these pnnts are from right hands, the loops would be ulnar 
loops and other asymmetncal charactenstics would correspond (c) The 
pnnts to the left of the middle vertical row show the same interrelation 
ships as those on the nght, and, assuming that the pnnts ate from nght 
hands, the loops are radials 

From the descnptive standpoint alone the sequence just traced could 
be read also m the opposite direction, from the arch to the whorl Com 

parative dermatoglyphics (Chap 9) gives evidence that 
the sequence from whorl to arch coirespcnds to an actual 
evolutionary order from the primitive to specialized 
conditions (though it must be conceded that the deduc 
tion is based pnmanly upon palmar and plantar patterns 
rather than those of the digits) 

AcadentaU are omitted in the family tree (Fig 4S) 
because collection m numbers suffioent to estabhsh coo 
nected senes is hampered by their infrequency and 
diversity Among the 50,000 finger pnnts compiled in 
table t, acQdentals occur only 64 times, a frequency 
of 013% of all paUems Mairs (71), working with a 
collection of 41Z acadental patterns, shows that they follow natural 
sequences which are no less orderly than those here illustrated for common 
pattern tj^pes 

It appears that patterns are interrelated descnptively because their 
ionnation depends upon an orderly system of developmental ciicum 
stances An occasional pattern may be irreconalable with this system 
The thumb pnnt reproduced in figure 49 is an example of such an aberrant 
configuration * The pattern area presents an ulnar loop hanng a count of 
19 ndges There is nothing unusual in the configuration or position of this 
element of the pnnt The peculiar feature is the radial loop, with a count of 
'inar rriiges,'lyingoitorfieIfnB nunirii'prfCtemarea "iecause xfiiacstctrttcani 
of this smaller loop, question might be raised as to the proper classification 
of this pnnt 

* Both tbuzebs of tbu individual present thessme type of confignnUoB The draviD; was 
tiftced directly iroiD x pbt>tngnpb3c enlargement cf tbe print, touted by PoQ. 
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Frequencies of Pattern Types anp Digital Distributions 


The se\eral pattern types display unlike total representations, unlike 
frequencies on difierent digits and on nght and left hands, and differences 
of frequency in the sexes Such differential trends are demonstrable only 
through statistical analysis of data from a series of individuals As will 
be shown in later chapters, the trends are modified to some extent by 
race and other constitutional factors The general trends are apparent 
in a series of too individuals or even less Table i is a compilation of data 

TABLE i 
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from 5000 individuals (mainly British) A collection of this size gives 
reasonably stable indications, for its particular raaal and sexual com 
position, of frequenaes of pattern types and their differential distnbution 
on digits 

Total FREQUzsaES op Pattern Types The three Galton types are 
represented with widely different frequencies In the Scotland lard 
senes (Table i), loops are roughly 70% of all patterns, whorls 25% and 
arches 5% With subdivision of these major classes, differences of fre 
quency are disclosed also among the subtypes Of the five classes of 
whorls, true whorls are nearly four times as frequent as lateral pockets 
twin loops, central pockets and acadentals combined In this senes, true 
whorls ha^e a frequency of 20% of all patterns, while lateral pockets 
and twin loops together amount only to 3%, central pockets 2% and 
acodentals 01% The frequency of ulnar loops, 64%, is about ii times 
that of radial loops (5 7%) Arches, nearly s% of all patterns are com 
pnsed of tented arches and other arch types m the proportion i 7 

The whorls exhibiting the character which Bonnevie (44) terms 
‘ twisting' ment separate attentioOt in view of the emphasis which they 
have received m studies of inhentance They are all double cored paiierns^^ 
true whorls with two interlocked cores, lateral pocket loops, twin loops 
and acadeatals Bonnevie finds, to a senes cf 470 persons that 43 6 % 
of the mdividuaU have at least one twisted pattern Mueller (asx) reports 
an madence of 614% in S2t persons Both comment on the Lgh fre 
quency of twisted patterns on thumbs (Table 2) 

TABLE 2 
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Distribution of Pattern Types on Single Digits In considering 
the digital dislnbutions of pattern types cotresponding digits of right and 
left hands are combined (Table i and Fig 50) On every digit ulnar loops 
are the most abundant pattern, the frequency ranging dovmward from 
88 % in digit V, 74% in III, 62% and 61% respective!) m IV and I, and 
35% m 11 WTiorls, next in total frequency are most numerous on I 
and IV, 35% and 34% Tespective\y, vihAc 11 is not much lower, 30%, 
III and V present a sharp reduction, 16% and 11% respectively Of all 
pattern types, radial loops have the greatest relative range of frequency 
among the digits They occur in 25% of index fingers, 5% m III, 1% in 
IV, and in I and V they are reduced to very small fractional percentages, 


Fw 5^ ■^Prequeftcies of wborU uIoat loop» rad »1 loop* and ajxbfta on indw^dvial dv* u 

(Based cn Scotland 1 ard data foe 5000 persons MU i ) 

0 3!% and o 1% Jlairs' (71) data on the digital distnbution of his senes 
of 411 accidental patterns are more reliable than the data on 64 such 
patterns in table i They are accordingly substituted here, arranged in the 
order of descending frequenaes II, 703%, I\^ i4 4 %» HI# 9 7 %i I> 
3 6%, V, I 9% (frequenaes based on percent of all accidentals rather than 
percent of all patterns) Arches likewise ba\e a mde range of frequency 
Miong the digits, but a Jesser TADge than those of acadental* and radio) 
loops Their frequencies for II, ill, I, I\ and V are ii%# y%> 4 %* 2% and 
1% in order 

Bimanual Ditferences Whorls and radial loons are mor e frequent 
i n right hands ^ w hile ulnar loops and arches are m ore common in left 
lunds The dextral excess of whorls is confined to true \ihorIs, central 
pockets and acadentals, the greater frequency of lateral pockets and twin 
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loops IS m left hands Since the trend of bimanual difference of double loop 
patterns agrees with that of ulnar loops rather than that of true whorls 
and central pockets the affinities o! double loops to ulnar loops may be 
closer m other respects (The occurrences of acadentals m Mairs’ collection 
are nght 54% left 46% AH digits except III where there is a slight 
excess in left hands show deztral excesses ) 

To summanae the data on digital distnbution (Fig 50) and bilateral 
unlikenesses the digits may be characterized singly The term whorl 
will be used in the comprehensive sense of Gallon 

Digit I presents the highest incidence of whorls There is furthermore 
an extreme bimanual difference in whorl frequency, the right thumb bear 
ing the larger number The frequency of radial loops is reduced, in a 
proportion greater than the retati\e elevation of whorls in this digit 
Digil II bears more radial loops arches and acadentals than any other 
digit Of all radial loops, 86 6% occur here, and this digit bears 43 6% 
of the total number of arches and 70 3% of all acadentals (acadentals m 
Mairs matenal, m table i the value is 81 5%) 

Dtgti III has next to the greatest frequenacs of ulnar loops radial 
loops and arches, the abundance of these patterns being assoaated with a 
reduction of whorls 

Digit IV is similar to digit I with respect to bgh whorl frequency and 
large excess of these patterns on nght hands 

Digit V presents the highest frequenQr of ulnar loops and minimum 
values for all other pattern types 

Metoods op Analysis 

Data m a form such as that of table i may be restated m several 
indices and in the dactylodiagram Thc> do not meet the needs of biological 
studies which require analysis of pattern combinations m single individuals 
or in right and left hands separately For these studies other forms of 
record are necessary The following discussion is confined to simpler and 
more commonly used methods and extensions of analysis of statistics 
comparable to those included m the table 

Useful m the interpretation of finger pnnt data, as indeed m all 
analyses of quantitative results are the standard methods of statistics 
The comparison of frequenaes of pattern tj'pes m two populations, for 
example^ ls aided by determiniD^ the standard errors of the percent 
frequenaes By this means the in>cstigator may judge the significance of 
an observed difference Among other useful statistical delenrunations 
arc means with their probable errors standard deviations coeffiaents of 
vanation, coeffiaents of correlation and similar tests of assoaation 
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Pattew^ type Indices Furuhata proposes the whorl/loop index for 
application in a mass sample It is calculated by dividing the total fre 
quency of whorls b> the total frequenc> of loops (ulnar and radial com 
bined), the quotient being muUipbed by one hundred to give an index 
value in a whole number Dankmeijer (280) prefers an index expressing 
the arch/whorl relationship The arch/whorl index appears to be the more 
significant in comparative statistics There is a reaprocal relationship 
m the frequenaes of whorls and of arches A rise in whorl frequency is 
associated with a drop in both loops and ardies but loop frequency is a 
less delicate indicator because these patterns are so numerous In the 
Scotland Yard series (Table i) the nvhorl/loop index is 36 and the arch/ 
whorl index is 19 

(is> 302) considers these indices inadequate for dealing WTth 
trifold pattern types He uses the system of coordinates within an equi 
lateral triangle and, b) modification of the stereo manuar method the 
distnbution may be represented also as a triangular pyramid 

Pattern Intensity Arches loops and whorls form a sequence of 
increasing pattern complexity This sequence has as its parallel an increase 
in the number of tnradii—the plain arch having none the loop one and 
the whorl, two The number of tnradii according!) is a\ailable for a simple 
quantitative statement of pattern intensity (279) 

The \alue of pattern intensity may be stated either as the number of 
tnradii per individual (279) or as the average number of tnradii per 
finger (64) In either case the determination of the value in a mass sample 
maybe made by compiling individual records of numbers of tnradii or by 
translating the data of total frequencies of patterns (e g, Table i) In 
the latter procedure, the determination of pattern intensity ignores the 
fact that an arch other than a plain arch has a tnradius that occasional 
loops have two tnradu, and that certain whorls (some composites) have 
more than two tnradii The number of tnradii is approximated by adding 
the frequency of loops to twice the frequency of whorls the total being 
divided by the number of individuals when the frequencies are m absolute 
numbers, or by ten for percent frequencies The Scotland Yard data thus 
yield an index o£ 12 i per individual or i 21 per digit 

IVhen individuals are evaluated ui terms of the index of pattern 
intensity the values range from o, all arches to 20 all whorls Within a 
collected senes the number of indmduaU in each index value is then 
determined This procedure provides for more extended statistical analyses 
based upon frequences of individual index values 

Makuars In some studies it is desirable to compile combinations of 
pattern types in single individuals and in single hands The device best 
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suited to this analysts and presentation of results is the manuaty developed 
by Poll (73) The manuar may represent pattern combinations on right 
and left hands separately (ummanuar) or on both hands of the individual 
(bimanuar) Kircbmair (348) onginated the ambtmanuar combining the 
unimanuars of right and left hands in one diagram Any of these manuars 
may be illustrated as a table or as a stereogram 

The following description of the method is confined to the bimanuar 
m its simpler form (Fig 51), a table for the entry of all possible combina 
tions of the numbers of whorls and arches in the finger print sets of the 
individuals composing a senes The pattern combination represented by 
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each space is sho^n the coordinate position of that space m reference 
to the indicated numbers of tthorls and arches The numbers of loops are 
impbed m the remainders of these coordinate relations Thus the space 
o iThorls 0 arches provides for ten finger sets having loops only, the space 
/ dhorl 0 arches represents individuals with nine loops, and so on The 
numbers inserted in this example {Fig 51) are the frequenaes observed 
m a senes of 8041 Germans {15) The modal distnbution of the pattern 
combinations is indicated by the concentration of frequenaes at and 
near the lower left comer, since loops arc the most frequent pattern type 
Frequencies diminish toward the diagonal border of the manuar, and, so 
infrequent are the combinations Trhicli they designate, only in a much 
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larger senes would the spaces along this border be likely to contain entries 
If it exists at all the rarest of combinations would be that of five v^horls 
and five arches This combination nould be expected if chance alone 
determined the coexistence of arches and whorls twice m about 500 000 
individuals Actually, the combmaboa never has been recorded (73) 
The frequencies of combinations lying along the diagonal progressively 
diminish as the space j arches 5 wJmls is approadied Accordingly, it 
may be postulated that genetic factors determine mutual exclusiveness 
of increasingly larger numbers of whorls and arches m the same indmdual 
Dactylodiagrasl Another analytic method devised b> Poll is the 
dactylodiagram the example illustrated (Fig 52) representing the data 
from Scotland Yard (Table 1) The daclylcMhagram is a five point graph 
of whorl and arch frequencies in selected couplets of digits The couplets 
plotted in the usual order of increasing whorl frequencies are V left and 



?io 53 —A dactylcd4ter»tn {Baud S eiUnd 1 9 td dct^for 5000 ftnon IMt i 


nghl 111 left and right II left and right I left and IV left I right and 
right Digits II III and V are coupled as corresponding digits of nght 
and left hands but digits I and I\ are treated differenllj because with 
respect to whorl frequencies I and IV of the same hand are closer to each 
other than is either of these digits to the corresponding one of the opposite 
hand Poll (i68) terms a couplet of corresponding digits a pair while the 
couplet I and IV of the same hand is a group the usual closer relation 
in the descnbed pairs and groups is charactensed as the patr group rule 
Some racial stocks are exceptions to the pair group rule digits I and I\ 
being more closely related as pairs than as groups 

The general aspect of the dactyl odiagram provides for various com 
pansoQs involving pattern type frequcnaes on different digits The 
scheme is useful in disclosing trends which differentiate racial stocks or 
other selected populations Inspection of the graphs usuall> i** sufficient 
to determine differences but Poll favors measurements of certain angles 
of the dactylodiagram for more exact comparison 
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Ridge Couvting 

Ridge counts are made (a) from tnradial point to point of core 
(b) from a traced radiant to a tnradial point»(c) along a i<m line placed 
at nght angles to ndges for indirect rneasureraeDt of ndge breadth 
End points are prescnbed m the first two applications 

Central Rules Accura^ in counting requires a magnification of 
about four or fi\e diameters All counts are made along a straight line 



Fic 53 '^A loop w th A count ot cicvea ndges R dges arc counted alona the indicated line 
«rb cb joins the point of tnrad os {outer term ous) and point of care (inner terminns) 


and since the count extends in many instance along a considerable dis 
lance an actual guiding line should be provided This bne is onented 
according to the rule applying to the particular count Though other 
straight-edge devices will serve, a convenient aid is the Ilenry disc, 
inserted in the base of the finger pnnt magnifier (Fig 45) A fine pointer 
IS used to pass from one ndge to the next along the line of count Except 
nascent ndges every ndge crossing the line is counted A ndge termination 
which meets the bne is mduded m the count, and on the same pnnaple 



TINGESS 

When the hue cuts through a pomt of bifurcation two ridges are counted 
A ndge which terminates short of touching the line is not included 
TRiRADiAt PoiVT TO PoiST OF CORE In finger print identification 
this IS a standard count for subclassifying loops and in biological studies 
It IS applied to vanous pattern types as a measure of pattern size (the 
quanttlahve value of Bonnevie) After locating the tnradial point and point 
Of core as outer and inner tennini of the count the line is set m position 
to connect them The tnradial point and point of core are not included 
in the count The line of count for a loop is illustrated m figure 53 
In true whorls and composites there are two lines of count instead of 
one and the adjustment of these lines calls for special attention to the 
morphology of the configuration Each line leads from a tnradial pomt 
0 e nearer point of core Sometimes the determination of the pomt of 
core IS difficult Identification practice defines rules to guide ndge counts 
m these patterns (66) In biological anal>ses where the object of the count 
^ measure of pattern size the safe rule in doubtful cases is to 
m iu a Ime of count comparable to that applied m counting loops 
ntn the core of a whorl is an island or a rod there is a common pomt of 

^^^rits and if it is a circle elbpse or hook shaped ndge 
tae hmbs of the figure often are $0 placed that the locations of two points 
? easily fixed according to the pnnaples which govern counts m 

oops The more complex cores of true whorls and especial!) the cores of 
a era! pockets and twin loops call (or judgment m the individual case 
« seemingly impossible to construct generally applicable rules for 
apeafic problem cases beyond stating the guiding prmaple that the 
counts must aim to express pattern size on the same basis as that appl>ing 
m oops and true whorls In a double looped pattern for instance it 
e justifiable to create an inner tenninus locating it on a ndge which 
les midway betT\een the cores of the two loops the selection of the pomt 
on that ndge will depend on the morphology of the two loops 

Tripadii and Radiants Reference has been made to the traang of a 
proximal pattern radiant of a whorl to determine whether the radiant 
courses into the opposite tnradius distal to it or proximal to it A count 
Ju instances where the radiant does not join the opposite tnradius is 
e between the traced radiant and the tnradius along a line passing 
rom the tnradius to the radiant this Ime is approximately in the long 
of the digit m whorls with outer traangs and at right angles to the 
gital axis in whorls with inner traangs Neither the radiant nor the 
nradial point is included in the count The same prmaple applies in 
counting ndges between two traced radiants or between two tnradu 
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Counts per Centimeter As an indirect measure of ndge breadth 
the number of ndges transecting a hnc of fixed length raa> be counted 
The best device is a glass disc for insertion mto the base of the finger print 
magnifier and having in its center an engraved line exactly one centimeter 
in length \\ ilh the disc m place^ the magnifier is onented over the pnnt 
so that the line crosses ridges at nght angles One end of the bne is centered 
m the ndge with which the count is to begin Every ridge which meets or 
transects the line is counted, following the rules before stated The ndge 
touched or crossed by the opposite extremity of the line is the last ndge 
included m the count 

Pattern Size (Quantitative Value) 

The quanlitaiive value of Bonnevie (44) is determined by ndge count 
from tnradial point to point of core This value is an expression of pattern 
size, and though an imperfect one, it has proved useful especially in studies 
of inhcntancc The quantitative value is recorded as follows two integers 
represent the ndge counts, one for that of the radial side of the pattern 
and one for the ulnar side In an ulnar loop the only possible count is the 
standard loop count, but the value would be ^ntten so as to indicate the 
absence of a count on the ulnar side of the pattern, e g, 28-0 In a radial 
loop the reversed notation eg, 0*18 shows that the count is on the 
opposite side The two counts in true whorls and composites are recorded 
m the same way, e g , 24 18 In arches, which have no counts the value is 
0*0 To minimize the efiects of aTbitraiy elements m the rules governing 
ndge counting Boimevie groups the counts in classes Beginning with 
class 0, for plain arches, the classes ascend through 10 Class / includes 
patterns \\ hich hav e one or two tnradii but no ndge count The succeeding 
classes, with their ndge counts, are class z, 1 2 ndges 3, 3 4 , 4 56, 
5, 7 8, d, 9 TO, 7, II 13, 8 ,14 16, p, 17 70 . 20 21 and higher 

The quantitative value of a pattern (in Bonnevie s onginal method 
since superseded) is half the sum of its two class values The class values 
of an ulnar loop having the count 18-0 arc p o and the quantitative value 
IS accordmgl} 4 5, m the whorl having the count 14 18 the classes are 8 g 
and the quantitative value is 8 $ Either the onginal ndge counts or the 
class values provide for collective treatment of the charactenstics of 
individuals, of single digits, and of nght and left sides 

The adequacy of the class values, as just desenbed is questioned by 
Gruneberg (207) and Newman (225), in a later paper Bonnevie (154) 
acknowledges the defiaency One weakness concerns the treatment of 
whorls The larger count m a whorl, rather than the average of its two 



counts, should be compared with the count of a loop Mueller (221) 
apparently without recognizing that his procedure series at least parth 
to offset the inadequacies of the ongina! Bonnevie method adjusts the 
vahes of aU typiral loops ha^ mg counts of three or more ridges bj adding 
25% to the actual count The second chief weakness of Bonnevie s original 
class values is the assignment to one class of aU counts greater than 20 
In his modification of Bonnevie s class values Newman assigns the value 1 
to patterns having a zero ridge count and \alues from 2 through 17 to a 
succession of two ndge classes In whorls these values appl> to the larger 
of the two counts The assignment of a class value of 7 to patterns having 
no ndge count is a questionable beginning of a senation which aims to 
measure pattern size in terms of numbers of ridges The class values as 



revised by Gruneberg properly begin at o for plain arches Patterns 
a^ng one or two tnradu but no ndge count (tented arches and the 
es which are transitional between true patterns and plain arches) 
ave the value / Beginning with class 2, each zs a three ndge interval 
2, ridges i 3, class 3 ndges 4 6 and upward 

Vhether pattern size is analyzed by absolute ndge counts or by class 
ues its variability is like that of other bodily characteristics expressible 
la aieasurements In Roschers counts of 3000 ulnar loops patterns of 

form the peak of the cur\e of distnbution o\er one third 
^ ^ ^ Patterns lie within this range The descent to a maximum of 30 
^ ges IS an even slope while the more frequent smaller loops elevate the 
apposite limb of the curve Figure 54 presents the distribution m another 
^mple of Gruneberg s class values for ulnar loops radial loops and whorls 
e curve of distribution of class values for ulnar loops is more depressed 
Roscher s cur%e, because it is constructed from class values instead 
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of direct ndge counts, but the irregularity assoaated with the dispropor 
tionate number of smaller ulnar loops li smularly e\idenced Radial loops 
exhibit a distinct shift to increased frequenoes in the lower class values, 
while whorls conform to a binomial curve 

There are two chief dcfiaenacs in ndge counts as measures of pattern 
si2e (a) The rules for ndge counting introduce aberrations of this measure 
The plaang of the hoe of count is governed arbitranly by end points 
that maj shift without mfluenong the expanse of the pattern area Two 
loops may be of the same ^ctazJ sue, as measured by tbe area included 
within the type hue, though m one the ndge count is greater because the 
core IS located farther from the delta A count across the whole pattern 
area (Mairs* * full count') might pros'ide a useful supplement to the usual 
count between the two termini Arbitrary prcscnptions for including or 
omitting ndges in the count seem to be necessary, and, in mass analyses, 
it IS probable that discrepanoes ate equalized (b) The ndge count as a 
measure of pattern size, without a correction factor for standardixation of 
ndge breadth yields an exaggerated value when ndges are narrow, and 
a nuzuhed value when they arc broad 

Patters Form 

Patterns, even of the same type, are vanable with respect to form of 
the pattern area Some patterns are elongated m the ass of the digit 
and others are broad The vanaUons in pattern form may be Iihened to 
venations in proportionate breadth and length of the cramum—long 
(d oh cho cephalic), broad (bra€b>cephabc) and mtennediate (mesocephahe) 
—or to vanatioDS in bod> build In the same way that anthropometric 
indices express proportionate relations, such as that of cranial breadth 
and cranial length, the tndex ojpatinn form indicates the ratio of breadth 
to height of a pattern 

JlETHODS Pnnts intended for measurements of pattern form should 
be made with care to nunimue distortion of the pattern area in pnntmg 

TABLE 3 

Vahatio'c or BATTri> roaac Iwcts w Panrs or the Same Isdjx Fd«gei itAOz wot 

Darcax'cr Peciees or PaESSUXE 
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StroDg pressure 
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The pressure should be even and gentie throughout the rolling process to 
avoid foreshortening or narrowing of the pattern area The indices listed 
in table 3 show that patterns are broader in rolled prints than m dab 

process of printing breadth increases with 
added pressure In analyzing prints of joung children it must be remem 
bered that pattern form may undergo change with growth Mueller (222) 
made repeated pnnts of four children aged two to six years through a 
period of years He reports variations of pattern form in the same 
digit amounting to as much as 15 points of the index and ranging down 
ward to i index point 

Determinations of pattern form were first made by Bonnevie (44) 
only her later modified procedures (i 54) are here considered Still different 
modifications are employed by Geipel (59 197) and by Cummins and 
teggerda (279) The differences among the methods lie mainly in onenta 
tion of the lines for measuring breadth and height 

l^e se\eral methods have m common the use of one or another type 
0 ruled transparent plate This plate may be the commercially available 
S ss disc for insertion m the base of a finger print magnifier or it may 
e made by photographing a coordinate ruling The essential features 
^ intended for this use are two graduated lines intersecting 

a nght angles The intervals of graduation providing they are constant 
sufficiently fine are immaterial since determinations involve proper 
ion rather than absolute values In the authors plates the intervals 
tnm The two reference lines on the plate are named bast hne 
when oriented for the reading of breadth and height respectively 
The following directions are selected from varying procedures adopted 
y ifferent authors The pattern area is first outlined the traang being 
earned far enough around the distal boundary of the pattern area to 
^ark the height of the pattern (Fig 55) Neither loops nor symmetneal 
nieet whorls require speaal treatment in the height reading Most whorls 

by non meeting of radiants hence the more external 
^ t e two distal radiants and the more proximal of the two tnradix are 
^ ected as landmarks for height measurement In an asymmetrical whorl 
f begun from the tnradius which is farther from the core 

^ e distal radiant passes inside that ansing from the other tnradius 
^ racing is made also from the second tnradius so as to mark the true 
t of the pattern Since there is no pattern area defined in arches a 
P^npheral boundary must be determined arbitrarily To establish a 
P^np eral boundary Bonnevie and Geipel trace a ridge crossing fixed 
(their 10 markings) on the base hne of the plate It is suggested 
^ a ridge wbch is representative of the curvatures near the center of 
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the ‘ pattern area might instead be chosen for traang borne personal 
vanation m this selection » mevitaWe though the method meets the 
difficulty at least as satisfactorily as the choice of fixed points on the base 
line 

Onentation of the measuring plate vanes considerably m the practice 
of different m\esUgators There is agreement among all workers in reading 
breadth as half or about half of the total breadth of the pattern area 
(Fig SS) Thus a breadth/height reading of 8/lo would mean that the 
real proportion is 16 + /10 The justification for so considering breadth 
IS that loops have on only one side a fixed point for breadth measurement 
the tnradius There is agreement also in reading breadth of true whorls 
and other patterns with l^o tnradii on the side which yields the larger 
measurement Finally all workers oneot the base line through a tnradius 
(except in plain arches) 
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For measunog height atf workers abgn tbe axis of tbe measunug plate 
through the core Both Bonnevie and Geipel place the axis so as to conform 
to the direction of the core and surroundiog central features (Fig 5^ A) 
The cores of many patterns slant and there is accordingly no fixed relation 
ship between the long axis of tbe digit and the directions along which 
breadth and height are measured A constant reference to the digital 
axis IS provided by the method of Cummins and Steggerda For the reading 
of pattern height the axis of the plate is placed through the core and 
parallel with the digital axis and the base line is thus at nght angles to 
the digit (Fig B) The distal interpbalangeal flexion furrows aid in 
onentation of the base Une and pnnts prepared for studies of pattern 
twm Ai -ititVcAe ^ilzarzst 

The pattern form index of an indi\*idual finger—or the average oi 
indices 10 a senes of digits tbe tea digits of an individual or senes of 
corresponding digits—may be assigned its place m a group classification 
Bonnevie defines these classes of fonn indices 
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_59 Elliptical 

60-80 Intenne dzate 

81- Circular 

Gevpel also considers three groups 

_91 ^arroiv 

92 in Intermediate 

112_ Broad 

In genetic comparisons of the ten digit averages Geipel alloivs an over 
lapping as follow s 

_93 Narrow 

90-113 Intermediate 

110_ Broad 

Bonne vie favors exclusion of the thumbs m computing the average 
form index of the individual holding that the extraordinary breadth of 
thumb patterns distorts the individual average Geipel considers that the 
ten digit average is not rendered inadequate by inclusion of the thumbs 
which with his method of measurement elevates the form index of the 
individual by $ 2 points on the average In the Cummins Steggerda 
senes of Dutch where pattern form was measured by a different method 
there is an equal difference between the ten digit average and eight digit 
average (the actual value of the difference 4 6 being the same as in two of 
the senes from which Geipel compiled his results) 

Cettam characteristics of pattern form notably the conformation 
of the interior of the pattern escape recognition m the index Bonnevie s 
onginal method of registering pattern form is concerned with the breadth 
and height of the central area alone Within patterns espeaall> whorls 
variations in form of the central area maj occur independently of the 
form of the pattern as a whole The internal ridges of a whorl may spiral 
or they may form concentnc figures The spiral and concentric figures 
may be arcular or elliptical and the ellipses may be broad or narrow 
sometimes much attenuated in the axis of the digit Again the central 
configuxatina ma.y exhiha d^ihln hKiped arcan^meats or other localized 
peculiarities The recording of all such details necessitates the use of 
speaal descriptive methods 

Another feature de&er>ing attention is the slant of the internal ridges 
with reference to the axis of the digit In loops the cores may be m line 
with the digital axis transverse to it or on an intermediate slant The 
angle may be readily measured with the interphalangeal flexion furrows 
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TABLE 4 

Pattzrs Foait Inbices is Sfjies DmuriNEO by DiFixiEfTr Methods 
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as a line of reference The angular relation may prove to have useful 
applications in biological studies 

Statistics The distnbution of the indices (ten digit a\erage) in one 
sample is shown in figure 56 The average form indices for single digits, 
in this senes and in two other collections, are included in table 4 The 
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data represent three national populations (Germans, I^or^egians and 
Dutch) Possibly the unhkenesses among the three senes are in part 
raaal distinctions, but it is probable that the observed differences in 
pattern form are attnbutable at least raarnly to differences of method 
Nonetheless, the three sets of detenrnnations indicate certain consistent 
diffeicntial trends among the digits, espeaally the increased pattern 
breadth of the thumb 

The mean pattern form indices of different pattern types present no 
significant differences among whorls, ulnar loops and radial loops, but 
the distnbulions of individual indices indicate a trend in which the types 
dimmish m breadth in this order whorls, ulnar loops, radial loops Arches 
are of course the broadest of all patterns this being apparent without 
measurement According to observations (197) on 315 males and 287 
females, there are no sexual distinctions in pattern form 


I 




7INGEX.S 


83 


CONTIGURATIONS OP MIDDLE AND PROXIMAL PHALANGES 

The few available studies of configurations on middJe and proximal 
phalanges indicate that further investigation will be profitable MacArthur 
(215) mentions a study in progress in wMch it is found that for the dis 
critninatioa of monozygotic and dizygotic twios these regions present 
“features of Ugh diagnostic value ” 

^Vh^ppIe (147) was among the first to direct notice to the inclination 
of ridges on these segments, pointing out that their configurations form 
two systems of slanting ridges with opposed directions, an arrangement 
regarded by her as a provision against sfipping in prehension Ploetz- 
Radmann was the first to make precise studies of these configurations, 
her scheme of description is adopted by subsequent workers interested in 
these regions (63, 129) 



Fia ot mid^e and proxunul (2V8<ed ffoM the pnnts 

by Ph<ti~RadMonn ) 

Ploetz-Radmann difFerentiales four basic types of configurations 
57,A-D slraighif hook, nave, crcK), seven combination types (Fig 
S7»E-K) and another class compnsmg rate configiirations nhicb do not 
conform to any one of the defined types In figure 57 supplementary 
sketches distinguish the sub-types recognized by PIoetz-Radmann on the 
basis of directional characteristics 

Middle and proximal phalanges, imprinted by rolbng, are investigated 
in 200 persons by PIoetz-Radmann The two phalanges are separately 
formulated and the results brought together for various comparisons The 
majority (80%) of all phalanges, whether proximal or middle, bear one 
or another of the four basic types Endosmes and feathered configurations 
are confined to proximal phalanges Qn I, II and HI the character¬ 
istic slants are proximo-radial, whjJc digits IV and V typically slant in the 
proximo-ulnar direction- Arches are most frequent on digit III, next on 
digit IV- 
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Anatomical Landmarks In describing palmar derma to glyphics 
and m presenting methods of interpreting them it is necessary to make use 
of designations referring to the anatomy of the hand (Fig 58) 

Terms of anatomical direction 
(proximal distal radial and ulnar) 
are frequently employed tn desenb- 
ing the locations of features and in 
indicating directions toward the 
respective palmar margins 

Inlerdftttol tttUrvals the clefts 
bett^eeo digits are numbered m 
sequence beginning with the inter 
val between the thumb and index 
finger 

Around the central kollriC of the 
palm there is a senes ol six ele%a 
tioDS of varying prominence and 
expanse Four of these are inter 
digttai pads, each I>Tng m proximity 
to an interdigital inter\al Inter 
Trm foa/ digital psds are distinguished bv 

Pic 51 Aoat^ c*i landmark* in palmar numbers cach havinc the number 

dermatoglypb« ^ , , , . ▼ x 

of the neighboring internal inter 
digital pad I is the least prominent member of this senes being 
usually hardl> evident as an deration The thenar eminence occupies 
a large share of the proximo radial quadrant of the palm, its elevation 
IS due mainly to the location in this region of muscles which control the 
thumb The kypothenar eminence a more elongated elevation lying in 

<4 
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the ulnar portion of the palm is associated with muscles of the little 
finger though m its proximal region there is commonly a localized bulge 
representing a true pad which has the same morphological significance 
as pads of the mterdigital series (Chap 9) 

The major/exiOK creaies are fairly constant in their arrangement in 
different palms and those illustrated are useful as landmarks in descnplive 
dermatoglyphics The most distal 
bractlcl crease typically coincides 

with the proximal limit of ndged _ 

skin Located at the bases of digits f \ i i 1 

the melacarpo phalangeal creases \ I \ / I 

form dividing hnes between the I \ \ \ / I 

free digits and palm The radial \ \ \ \ j f 

longitudinal crease (the palmist s \ \ \ \_ / 

‘ line of life ) curves to embrace \ 

the thenar enunence and the region / / 

occupied fay mterdigital pad I The ^ / / 

distal Irons erse crease (the line of I ' ^ j Y / 

heart ) and the radial portion of I v 1 ^ j 

the proximal transxerse crease (the | ^ 'j‘ / 

line of head ) form an incomplete \ \ / 

proximal boundary of the region /Y 

occupied by mterdigital pads II 1 / 

111 and IV The le>els of termma Pc $9 M«p©ithe»xeiieigefroaiogirpii0 

. , , , , . ire«» ©f the p»lm 

tion at the ulnar border of the 








P G $9 Map 9i itt $ X cli el ^rmAtofljrph o 
■reaa of tbe palm 


distal and piotimal transverse creases aid in defining innes (or formulating 
palmar znam lines 

DerjiatoGLYPHIC Areas Corresponding to the described reliefs the 
palmar surface is divisible into dermatoglyphic areas or conhgurational 
fields Of these areas six (Fig 59) are included in the customary desenp 
tlve formulation hypothenar thenar and the four mterdigitals Each of 
the areas is a topographic unit its individuality being expressed both by 
the existence in some palms of a discrete pattern and by the charactenstic 
presence of partial boundaries formed by tnradu and their radiants A 
palmar area is comparable to the ball of a finger with respect to its nature 
as a unit notwithstanding that the several areas are modified by their 
conjunctions and that their individuality as units is sometimes obliterated 
completely Tbe configuration of a palmar area is classifiable according to 
the general prmaples which govern the dassification of finger prints 

Triradii Charactenstically there are four digital Inradtt located in 
proximal relation to the bases of digits II III IV and V (Fig 60) In 
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radio ulnar sequence they are named ft, c and d The two distal, or 
digital radiants of each tnradius embrace the digital area the zone 

bounded by these radiants and the 
most proximal metacarpo-phalan 
geal flexion crease The distal radi 
ants thus embrace the base of the 
digit as they course to the inter 
digital intervals (in the instance of 
tnradius d in passing to the fourth 
interdigital interval and to the ulnar 
margin) The proximal radiant is 
directed toward the interior of the 
palm and when fully traced this 
radiant is known as a palmar main 
line The four mam lines (Fig 63) 
originating from digital tnradii are 
named m radio ulnar sequence A B 
C and D —each letter corresponding 
to the designation of the respective 
tnradius but distinguishea by 
capitalization 

Axial Inradti (Fig 60 0 are located most commonly at or very near 
the proximal margin of the palm m the interval between the thenar and 
bypothenar eminences They may occur how 
ever as fat distal as the center of the palm 
palm may have one two or three axial tnradii 
or rarely none A composite of X ray records 
of digital and axial tnradii (Fig 61) shows 
that the distnbution of axial tnradii is confined 
rather closely to the axis of (be fourth 
metacarpal bone This confirms the general 
observation in prints that these tnradii, what 
ever their levels are confined to a zone aligned 
with the axis of the fourth digit The distal 
radiant of the axial tnradius may be traced 
through the palm and considered as a main 
hnjt d’, T —naniivi finm. tJhn, s:^haL ni 

the axial tnradius, 0 

Tntadu which ate neither digital nor axial 
occur m some palms in assooation with certain pattern formations m the 
palmar areas Under some arcumstances accessory tnradii related to 



d;£trjbut on of dig tftl and ax al 
tnradii n refereoce to the hand 
skeleton (From Vats k ) 



Fig 60 ^The scheme of ouobers foe forma 
tat ng ptlmar ma n 1 net 
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loterdigital areas are recognized as origins of supplementary main 
lines 


Tracing and Formulation op Mad, Lines 

Baste Methods 

Tracing As they are traced on the palm print the mam bnes are 
marked with a fine pointed pencil ordinary or colored Lines A, B, C 



Pig 63 ser es of reprf»«ntAtive d inradu tUastrat ng ictection of the nd£e traced 
AS A maia I rtt The proximal r^d ant is marlccd a ctrcle is casee (K»L P) hav two circles 
the ndge on the rad al s de ts selected as the prox mal fadiant 

and D originate from the respective digital tnradii as their proximal 
radiants, and line T is the distal radiant of tlie axial tnradius In cases 
presenting two or three axial triradii line T is traced from the proximal 
one 
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A mam hue is traced according to the same rules which apply to the 
traang of type hoes in finger pnnts with the following supplements 
adapted to conditions m the palm 

(a) Selection of the ndge to be traced as the mam hne usually presents 
no difficulty (Fig 62), but occasionally the tnradial construction is such 
that either of two ndgcs appears equally entitled to recogmtion as the 
proximal radiant (Fig 62,K In such a case the ndge on the radial 

side 1$ arbitrarQy chosen as the 
beginning of the mam line 

(b) Interruptions of ndges are 
frequent and the tracing of a mam 
hue beyond an interruption is 
definitely prescribed Often another 
ndge IS in a direct lme» and if so the 
traang is continued on that ndge 
Otherwise, the traang is transferred 
to ao adjoining ndge m accord with 
the following rules If one of the 
two neighboring ndges has a closer 
spatial or linear relationship with 
the ending the traang is continued 
on It If such discnmmation can not 
be made the general course of the 
mam line is projected visually, to 
determine which of these altema 
tives apphes when the sweep of 
the ndges is curved, the ndge toward the concavity is selected, when 
the course is relatively straight, the ndge is chosen which carnes the hne 
toward the ulnar side, rather than the radial or toward the distal margin 
rather than pronmally 

(c) The traang is made without antiapatmg the terminal relations of 
the line, to avoid bias in favor of traang lines either to the palmar margin 
or to fusions with other mam lines 

(d) Particular caution is exerased in meeting a flexion crease Imper 

feet ndge formation and altered ndge courses wthm fle^on creases 
(Fig 37), as well as lapses of pnnUng witlun creases may require that the 
*4.’i‘uc£r/g h/t enri ixcifTi ft ^craxtii ‘anxrft 'creiftt 

onto the ndge which is in most direct linear continuation 

FoRifULATiON Completely (raced, the main lines of a palm constitute 
a skeleton (Figs 64-69) comparable to the t>T>e lines of a finger pnnt 
The general aspects of the palmar configuration may be largely recon 
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structed from inspection of the mam lines alone (Fig 70), or e\en from 
the descripti\e formulation, since there 1$ so intimate a relationship 
between the mam lines and the other elements of configuration 

The formulation (classification) of main lines is based upon a numbered 
sequence of positions around the penphety of the palm, each traced line 
being descnbed by the position in which it terminates Numbers are 
applied to a senes of 14 intervals and points (Fig 60) The number se 
quence begins with the proximal part of the thenar eminence and con 
tmues around the proximal, ulnar, distal and radial borders of the palm 
Digital triradn and the axial tnradius are points (anal tnradius 2, 
digital tnradu, d, c, b and a being numbered in order 6 , 8, 10 and 12) 
Mutual fusion of tno main lines results when a tracing continues from one 
digital tnradius to another digital tnradius (Fig 63 lines B and C), 
each of the two mam lines is then formulated with the number assigned to 
the tnradius from which the other line arises When a line is traced to an 
uiterdigital interval it is formulated by the number of that interval (for 
example, a hne Z> reaching the second interdigital interval as it does id 
figure 63, IS formulated //) A hne termipating along the proximal margin 
of the thenar enunence anywhere on the radial side of the axial tniadms, 
IS formulated / The four remaining intervals, embracing the proximal 
margin of the hypotheaar eminence and the ulnar border of the palm are 
not limited by definite anatomical landmarks (Fig 60) The approximate 
iTudpomt of the ulnar border is determined as position 4, often the proximal 
transverse flexion crease reaches this point, and the termination of the 
crease in any case is a helpful guide in estimating the extent of distal and 
proximal halves of this border The interval between positions 4 and 2 
including the proximal half of the ulnar border and the proximal margin 
of the hypothenar eminence, is position j The distal half of the ulnar 
border is position which is itself divided into halves for more speafic 
formulation of mam hoes, the proximal half being numbered 5' and the 
distal half f Usually the dist^ transverse flexion crease ends at a level 
corresponding to the point separating and 5' 

Having traced the four main hnes the s>mbols for their terminations 
are composed in a mam hne formula It is recorded in the order B, C, 
A, with periods separating the s>mbols In figure 63 as an example, the 
formula is ri 10 8 5' If it is desired to indude line T, its symbol (m this 
case X3) IS added as a fifth element m the formula 

Special Formulations 

The foregoing methods of formulation are basic, but several special 
procedures remain to be described 
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Dootlb Foritulations. Two drcumstances demand double formula¬ 
tion. In dual formulaiion two detenninations are actually realized on the 
palm, while alternativt formulation is used when the interpretation is on 
the borderline or doubtful Their symbols are distinguished typographi¬ 
cally. The two elements in a dual formulation are separated by a slant line 
with the larger number first, while in alternative formulation the preferred 
interpretation is given precedence and the alternative clement of the 
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symbol follows in parentheses. Examples of these usages are shown in 
figures 65-69. 

Absencb of a Digital Triradius. In the absence of a digital triradius, 
a condition almost confined to triradius c, the digital area is not discretely 
bounded. The ridges in its territory are extended proximally as a 
progressively widening system ol ardform ridges encroaching into the 
interdigital areas (Fig. 66). Each of the triradius, and necessarily of the 
corresponding main line, is formulated by the symbol O, standing in the 
formula in the place assigned to the main line involved. 
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Aborttve Main Lines Closely allied to the absence of a digital 
tnradius is abbreviation ol a main line Lme C is selected for illustration 
since It IS the one pnnapally involved In the degree of least development 
there i$ practically speaking no mam lme at all though the tnradius is 
present This condition is formulated x regardless of the line involved 
A more frequent abortive state formulated X is that m which the proxi 
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mal radiant can be traced for a short distance It commonly forms the 
axis of a configuration resembling the tented arch of the finger pnnt senes 
(Fig 67) but with the convexity faang proximally rather than distaUy 
A third type of abortive main line is formulated by the number of the 
tnradius of origin 8 in the case of hne C The line recurves to fu«e with 

itself or with one of the digital radiants of its own tnradius (Fig 68) The 

distinction between a distal termination (position 7 or p) and the abortive 
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TRAaNG Main Likes froit Accessory TRiRAon as Stostituxes for 
Digital Triraoh The standards for formulating mam lines require 
supplements m some cases The main line formula is a descnptive record 
and the value derived from it in studies of mass samples exists largely in 
the fact that the formulation of lines D and A pictures the degree of 
transversality of ndges in the distal area of the palin The courses of lines 
B and C add nothing of significance to the record of general ndge direction 
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Their courses are conSned by lines D and A and formulation serves only 
to desenbe local courses in the middle of the distal palm these being often 
circuits around mterdigital patterns For example (Fig 70 B) the formula 
1197s remains adequately descriptive of generalized ndge courses if 
E vcA C l**-5' 

There arc fairly frequent accessory lines D and A which unless 
included would render the mam line formula inadequate for description 
of generalized ndge courses In figure 70^ Lne D fuses with an accessory 
tnradius associated with the fourth mterdigital pattern hne D m this 
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palm has two terminations (rr and 7) both of which are formulated In 
figures 70 C and 70 D the aspect of the distal palmar configurations is the 
same as in figure 70 A though in neither does line D fuse with a radiant of 
the neighboring pattern tnradius To make the formula complete the 
course of the radiant of the accessory tnradius must be recorded This 
radiant simulates line 2? both in course and in the position of its tnradius 
of ongm In formulating the acccssor> radunt a special symbol is apphed 
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the two ektuents being separated by a dash (eg /r 7) to denote the 
presence of an accessory radiant which assumes the character of line D 
though not fused with it It will be recalled that a true dual formulatjon 
(e g 22/f) always signifies iusion of Ime D with an accessory tnradius 
An accessory radiant is not formulated unless it courses farther radially 
than does line D, hence the more radial of the two positions indicated in 
the symbol mvanably stands for the accessory feature rather than the 
niam line 
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Line A presents an exact parallel to the situation described for line D, 
A radiant traced from an accessory triradius may fuse with line A or, 



Pic. 70—Tracings from four nght p&lAS* illactratiig x typical set of palmar main hues 
(B) and three palms in vhich acetnory lanes have more descriptive sigmiicAnce than the 
Unes proper. 
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without fusion, emulate a typical course of Hoe A. If there is a fusion with 
the accessory triradius, the ordinaiy dual formulation (e g, rr/j'O is 
used. \Vhen the courses of line A arid of the related accessory radiant are 
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independent the symbol for formulation has its elements separated by a 
dash (eg ri 5 asm figure 70 D) An accessory radiant is not formulated 
unless It terminates farther proximo ulnanvard than does line A proper 
These special conditions involvmg lines D and A require that each 
pnnt be examined after routine traang of the main lines If accessor) 
triradii occur in relationship to second and fourth interdigital patterns 





their radiants are traced to deternune whether they should be included in 
the formula In writing the double s)7nbol for either mam line the larger 
number is written first 

IvTERDiGiTAL Truuvdix In defining digital tnradii emphasis is placed 
upon their characteristic location one at the base of each digit except the 
thumb Fluctuations from typical position introduce some modifi'^ations in 
formulating mam lines Displacement may be so extreme that in some 
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cases there is an apparent supplanting of digital tnradu by triradu occupy 
mg in ter digital positions 

Tnradius d may be shifted radially to be in hne with the fourth inter 
digital interval and there may be also a distal displacement Similarly 
tnradius a is sometimes shifted m the ulnar and distal directions TSot 
withstanding such departures m the posit ons of tnradii a and d their 
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proximal radiants retain the ordinary charactensties of mam lines 
Tnradu b and c frequently approach each other but there is cominonI> no 
diiSculty in identifying their proximal radiants as mam lines In an occa 
sional palm however tnradu b and c appear to be wanting being sup¬ 
planted by a single tnradius located in direct hne with the third interdigital 
interval 

Figure 73 demonstrates both applications of the rule for formulating 
these interdigital tnradu The rule is Apply the usual means of formulating 
mam lines when the pronmal radiant of an interdigital tnradius assumes 
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the character of a mam line When the usual means of formulation fail 
consider the digital tnradius as absent and include the symbol td in the 
mam Une formula placing it mthout punctuation in the space corre 
spending to its position Thus hne D in figure 73 presents no difficulty m 
formulation notwithstanding displacement of tnradms d its proximal 
radiant follows a course charactenstic of line D reaching position ri 
In the same palm the tnradius related to the third mterdigital interval 
IS so unlihe a digital tnradius in position and direction of the radiants that 
the ordinary formulation does not apply The special formulation indicates 
that digital tnradu b and c are absent and that an mterdigital tnradius 
occurs in relation to the third interval 11 oido 5 

Formulation of Axial Triradii 

Commonly there occurs a single axial tnradius at or very near the 
proximal palmar margin in the depression between the thenar and 
hypothenar eminences Some palms have two or even three axial tnradn 
lying at different levels in the longitudinal axis Rarely there is no axial 
tnradius Axial tnradn are distributed within a narrow field aligned with 
the axis of the fourth d git (Ftg 61) Formula! on records the number and 
levels of axial tnradn In the palmar formula the symbol or s>mbol8 for 
axial tnradn follow the main tme formula separated from it and from the 
succeeding pattern formula by dashes (see legends of figures 64 69) 

An axial tnradius at or very near the proximal margin is formulated t 
The most distally situated position of an axial tnradius near the center of 
the palm is I and one whidi 1 es at an intermediate level is I In the 
absence of an anal tnradius the symbol O is used and should there be 
question as to presence of a f due to incomplete printing the symbol ? 
indicates that the determination can not be made In some palms where 
there is no / the ndges of the thenar and hypothenar areas diverge m its 
expected position to form a parting p WTien two or three axial tnradu 
occur they are formulated in proximo distal order (eg (i ^ ) the symbols 
not being separated from each other bj punctuation marks 

The distinction between i and / and between t and t is not always 
clear Lacking precise means of discnmination this formulation has prov ed 
the least satisfactory of all elements of the palmar formula It is possible 
that more refined methods might be developed to evaluate the levels 
Jsorma Ford* suggests that the level of ^ be more speaficall> indicated 
her practice being to append to the symbol i the letter I vt or h the 
respective initial letters of low middle and high It will be apparent that 
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low and high should be considered as indicators of possible alter 
native formulations At least many cases of / (/) are instances which might 
be interpreted as t and m the same waj some examples of t (k) might 
other^Mse be interpreted as t thus the formulae of these border Lne 
instances might be written i (f) and / (/ ) in accord mth the usual notation 
of alternative formulations 

Formulatiov of CovprouRATiovAL Areas 

The SIX configurational areas of the palm are formulated individually 
The configuration of each area is recorded by a descriptive s>mbol and 
the senes of symbols is set down as the pattern formula in this order 
hypothenar thenar/mierdigital I interdigital II interdigital III inter 
digital IV When there is a question regarding classification of the con 
figuration type an alternative formulation is made giving precedence to 
the preferred interpretation eg V(M) When a configurational area 
bears two discrete configurations it is formulated with a dual symbol 
a hypothenar area might have two patterns for example L^/L^ or a 
pattern and an arch V/A^ 


Hy polhenar 

The prevailing directions of ndges of the hypothenar configuration are 
slants which approach the transverse in contrast with the generall> 
longitudinal direction of the thenar system Typically there is a marked 
multiplication of ndges from a point near the center of the palm from this 
point ndges fan out over the hypothenar area 

The configuration of the entire hypothenar eminence constitutes the 
hypothenar system but the only configurations which arc formulated are 
those of its proximal portion (8s) This area bears the proximal hypothenar 
pad The area is approximately bounded on its radial side by a hne drawn 
from the base of the nng finger to position £ of the palmar border It will 
be recalled that axial tnradn are distributed in close relation to this line 
Axial tnradii are intimately assoaaled with the hypothenar configuration 
their radiants forming boundanes or penetrating the configuration 
\Mien t is present its ulnar radiant commonly divides the hypothenar 
configuration into distal and proximal elements (see duplex configurations 

PiaiiARY Types or Contiguratiovs There are three primary types 
of true patterns m the hypothenar area whorls loops and tented arches 
The other primary configurational types are not true patterns pUin 
arches open fields multiplications and v^tiges 
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Trueu/ioris as in finger pnnts are distinguished by concentric ridges 
Typically, however, there are three tnradii instead of two The tnradius 
nn the ulnar margin may be cxtrahimtal, potentially present at a point 
lying outside the area of ndged skin The symbol for the whorl is H 
Whorls presenting spiral or double looped anters enclosed by a concen 
trie penphery, are qualified in formulation by adding s as a supersenpt 
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syrnbols illustrated as to pnats from nght pa\ms 

74) \\ horls having no more than eight ndges from the core to the 
nearest tnradial point may be formulated as small b> using the symbol 
^ instead of W 

Hypo thenar loops are morphologically like loops of finger prints, but 
m the hypothenar area there are three instead of ttio directions of opening 
the radial margin, the ulnar marguii the proximal (carpal) margin The 
symbol for all loops is L, and supersenpt letters are added as abbreviations 
of the directions of opening If (Fig 74) Loops having no more 

than eight ndges may be distinctively formulated, / 
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Tented arches in the bypotbenar area are morphologically like tented 
arches of the fingers, though here it is the general aspect of tbe con£gura 
tion rather than a ngorous distinction between tented arches and loops 
which governs the forniulatson Tented arches are onenled in three dif 
ferent directions, the concavity of the arch may face ulnarwards, radially 
or proximally (toward the wnst, carpus) The symbol for all tented arches 



Pig ^5—a *«rw» o( ol coRfigntaiioas mtb ttot tytaboli, 

illustrated S9 in pnnts from ngbt palma 

IS r, With a superscript abbreviation oi the direction of the base r“, 2^ 
and (Fig 74) 

Plain arches^ a speaal fonn of open field, have an arched form as in 
finger pnnts A is the symbol for a plain arch, and tbe same superscnpt 
letters are used as m tented arches to indicate the fanng of tbe concavity 

JC’ VFig 74V 

Open fields (symbol O) are configurations in which the ndges are 
essentially straight instead of arched Such configurations are exceedingly 
rare 

Vestiges lack the sharp recurvatures of ndges which distinguish true 
patterns, though well developed wstiges may show resemblance to 
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definable types of patterns Ordinarily a vestige is merely a local dis 
arrangement of ridges which converge abruptly or a system of straight 
and parallel ndges which differ m direction from those surrounding the 
vestige area The symbol for vestige is V, and when a vestige presents a 
recognizable affimty to a particular pattern type the symbol of that 
pattern type is prefixed, e g , JJV 

Some Special Variants of Patterns The hypothenar area maj dis 
play a duplex configuration two true patterns, a pattern and an arch or 
open field, two arches or two open fields Often the two configurations are 
separated by the ulnar radiant of an intermediate axial tnradius but 
they may be discrete even without this separation—discrete m the sense 
that from neither configuration do ndges enter the pattern area of the 
other In either case, each of the two configurations 
IS independent and it conforms structurally to one 
of the primary types The usual dual formulation is 
applied to signify the presence of two discrete 
configurations The symbols of the two features 
are separated by a slant, the distal configuration 
being recorded first Figure 75 shows a senes of 
duplex configurations and their symbols Quahfy Pjc le —a parathenar pat 
ing symbols to indicate patterns of small size *”* 

and pattern affinities of well developed vestiges follow the rules outlined 

for typical single configurations 

iS (symbol S) are double looped designs in which the tuo 

elements are interlocked by a flow of ndges from one into the other 
(P»g 7 S) 

Complex configurations not assignable to an> of the t>’pe5 above 
characterized are formulated as 1 

Patterns utthin Patterns Whorls loops and sometimes other 
patterns may contain central configurations unhke the arrangement which 
gives character to the pattern as a whole, e\en an arch may enlodge a 
pattern within its concavity Thus an II may enclose a whorl like the 
central pocket in finger prints Since its general aspect is that of a loop 
It IS formulated as II with the addition of the s>mboI u (small letter, 
written on the same line rather than as a superscript e g , LV) Enclosed 
patterns are entitled to distinctive formulation only when they are of 
small size When an enclosed whorl or loop exceeds a ridge count of eight 
It alone is formulated as the hypothenar pattern 

Parathtnar patterns are assigned to the hypothenar area in routine 
formulation but are of doubtful morphological relationship to it (Chap 9) 
When the area is patterned it appears as a narrow distally opening loop 
on the radial side of the hypothenar area proper (Fig 7 ^) 
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Thenar and Ftrst Interdigital Areas 

The configurations of the thenar and first mterdigital areas are closely 
related anatomically In these two areas the varieties of configurational 
combinations are (a) No indications of patterns or vestiges the thenar 
eminence and the adjoining territory bearing a continuous open field 
(b) A single pattern or vestige centered m an intermediate position with 
reference to the thenar and first mterdigit^ areas (Fig 72) (c) A pattern 
or vestige in the first interdigital area the thenar configuration being an 
open field (d) A pattern or vestige in the thenar area, the first interdigital 
area being an open field (e) A pattern or vestige in 
each of the two areas (Fig 77) 

The patterns are whorls and loops The vestiges 
are localized disarrangements of ndge course fre 
quently of the type shown in figure 78 The ridges 
composing open fields either course m a gentle curse 
or are sharply angulated over the thenar eminence 
(Fig 71) The symbols are as described for configura 
tiODS elsewhere, the initial letters of the names of the 
configurations W, U F, 0 The directions of opening 
of loops might be indicated, but since the directions 
are nearlj constant such formulation is hardly profit 
able A single symbol is used for those configurations 
which lack a recognizable distinction of thenar and 
first interdigital areas Dual formulation is made when 
the thenar and first interdigital elements can be 
differentiated, the symbol for the thenar being recorded 
first (Fig 77) Bettmann presents detailed desenp 
tions of these configurations 

Second Third and Fourth Interdigital Areas 

The configurational area lying between digital tnradii a and b is inter 
digital II that between tnradu b and c is interdigital III and the con 
figurational area between tnradu c and d is interdigital IV ^\^len a digital 
tnradius fails or is much displaced the midpoint of the base of the corre 
spending digit affords a landmark separating the interdigital areas on 
either side The configuration of an interdigital area maj be a true pattern 
(whorl or loop), a vestige or an open field (incltiding the special form of 
open field known as a multiplication) In one interdigital area there may be 
two configurations, each entitled to formulation The usual type of dual 
symbol is used in formulating an iriCerdigital area presenting two patterns, 
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t^o vestiges or a pattern and a vestige—the feature on the radial side 
being wntten first, e g , hfD 

Whorls {W) of the interdigital areas are invanably of small siae and are 
accompanied by accessory tnradn 

Loops characteristically open into the nearest interdigital interval 
Other directions of opening are rare, hence formulation of these patterns 
does not record the direction of opening A loop unaccompamed by an 
accessory tnradius is formulated or / if the pattern is small A loopof an 
interdigital area is formulated as small when the ndge count across its 
greatest width is no more than six ridges, the count is made at nght angles 
to the long axis of the loop, the termini being the mam line bounding the 
pattern A loop accompanied by an accessory tnradius is distinctively 
formulated, D (or d, if the count is no more than six ndges) 

Vtsliges {V) arc conspicuous local disarrangements of ndges not con 
forming to the definition of a Inic pattern but suggesting an approach 
toward the construction of a pattern A \estige may be a group of sharply 
converging ndges ellipsoidal in shape if comergences occur m both 
extremities, or a group of straight parallel ndges forming a distinctive 
field within a zone of ndges of different course 

Optn fields ( 0 ) are patternless configurations The increased width of 
an interdigital area at and near the level of the digital tnradn (as in inter 
digital areas II and III of figure 72) is associated with curvatures of ndge 
course and with mutUpUcchon of ndges, muhiphcatmn signifies a greater 
number of ndges at the level of increased width of the area Multiphcations 
of this type are formulated merely as open fields because the multiplication 
IS more or less evenly distnbuted across the interdigital area con 
trasting with a localized region of multiplication wherein there is a con 
centrated spraying of ndges Such a relationship is accentuated by tracing 
the ndges which border the multiplying system Some degree of concen 
tration of ndge multiplication commonly occurs in open fields of the 
interdigital areas II and IV toward line A in the second area and toward 
line D in the fourth (e g , Fig 71) In formulation multiplications of this 
type may be differentiated from simple open fields by using the symbol 
M instead of 0 In many biological studies no distinction is made between 
a multiplication and an ordinary open field 

For the occurrence w'lthin a single interdigital area of two vestiges 
two patterns, or a pattern and a vestige duat formulations are standard 
An interdigital area having only a single pattern or vestige may justify 
dual formulation when that pattern or vestige is neither centered within 
the area nor expanded to fill its whole width The symbols in such cases 
are 0 /L^ L/ 0 ^ etc, the radial element being entered first in the dual sym 



PALUS 


107 

bol This pnnaple of formulation applies to any mterdigital area, but only 
in mterdigital IV is there noteworthy frequency of such conditions 

Other Methods op Formulation 

The foregoing exposition of methods of formulating palmar mam lines, 
axial tnradii and configurational areas is largely extracted from an account 
of revised methods (85) published in 1929 Asa preliminary to the revision 
a study (84) was made of the error inadent to determinations earned out 
by the methods then current, and the revision was designed to mimmize 
inconstancy in formulation The rewsed methods haie not been subjected 
to such a test, but it will be evident that there remain some points (espe 
aally the discnmination of %csiiges and of the levels of axial tnradu) 
which are open to personal variation in interpretation A test of the 
methods would be desirable, earned out perhaps in the same manner as 
before, with several workers independentl> formulating a large senes of 
pnnts, made in manifold so that all workers would have identical sets 

Some suggestions toward revision of current methods already have 
been espeaally concerning more refined subdivision of the temuna 
tions of mam lines Valsik (99) and Meyer Heydenhagen (^19) subdivide 
position 3, m the belief that the portion of the palmar border ordinarily 
formulated under this one s> mbol is too extensive The latter author dis 
tiQguishes three levels of position 5 instead of the current two 

Valsik is critical of the landmarks generally employed m formulating 
mam Ime terminations insisting that they should be confined to derma 
toglyphic features, presumably he would resort to ndge counting to 
define zones of the ulnar border Ride (9a) uses ndge counting for this 
purpose He designates the tnradti by number axial tnradius / digital 
tnradii d, c, b and a are 2, 3, 4 and 5 respectively The zone on the radial 
margin of the axial tnradius has the value from o to 1 the extensive 
interval from the axial tnradius to tnradius d has the value from 1 to 2 
and so on through the first mterdigital interval which has the value from 
S to 6 Ridges are counted between the consecutively numbered tnradu 
and the termination of a Une is expressed as a percent fraction of the dis* 
tance from the tnradius of the lower number to the tnradius of the next 
higher number Thus a mam line terminating at the midpoint of the ulnar 
border would be formulated as i 50 In determining the distance between 
consecutive digital tnradii, Ride finds that direct measurement is usually 
satisfactory, but he prefers ndge counting especially for the ulnar border 
where a cur^^d line of count ;s drawn roughly parallel to that border, this 
line crosses ndges approximately transversely Speaal provision is made 
for the two intervals which lack one end point tnradius positions i 
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and 13 of the standard formulation In ouc opinion such refinement of 
method gives a false appearance of preasion 

Other classifications are proposed bv Celetti Ferrer Lecha Marzo 
Pond, Sharp and Stockjs The methods need not be detailed here since 
they are adapted especially for personal identification Schlaginbaufen s 
method of descriptive classification (144) concerned mth number and 
placement of tnradii, is applicable both in palms and in soles 

METiac Analyses 

The procedures of ndge counting for detenniiung quantitative values 
of finger patterns and for obtaining an indirect measure of ndge breadth 
(Chap 4) are adaptable to the palm (and sole) Ridge counting also ma> 
be used as a measure of other dimensional relations for example the 
distances betrieen successive digital tnradii or, as mentioned above in 
connection with Rides proposal^ the distance between a mam line ter 
nunation and a designated tnradius In some studies calhng for detemuna 
tion of certain dimensions absolute measurements are no less satisfactory 
than the tedious and time consuming method of counting ndges which 
IS Itself faulty as a metric procedure because of variability m ndge breadth 
Direct measurement is suitable when differences in total hand size are too 
small to be of any consequence as m comparisons of all four hands in 
twins For comparisons in which individuals of unble hand size are con 
cerned, the method is obnouslj unsuitable (98) unless there is an appro 
pnate conection factor for the var>*ing hand sizes 

Direct measurements have been made m several studies In an anal) sis 
of bimanual differences (86) and in an attempt to determine whether such 
differences vary with handedness (3^1), the following procedure was 
adopted, supplementing qualitative compansons of the palmar dermafo 
glyphics In preparing pnnls for these studies parlicular care was taken 
to minimize the error which is assoaated with variability m pressure and 
in spreading of the hand 

The measurements involve distances between tnradii and between 
tnradii and certain lines (Fig 79) The instrument emplo}ed is a caliper 
having sharp points for fixation within tnradii and on lines and long jaws 
which serve as verticals for some of the measurements The following 
intervals are measured, the results being discussed elsewhere (Cl^p ii) 
(a) Intertnradial interval a b (b) Intcrtnradial interval b-c (c) Inter 
tnradial interval c-d (d) Intertnradial interval a d (e) The distance from 
tnradius d to the level of the marpnal tennination of line D measured 
from d along the line j-d to the point of intersection of a d and a vertical 
dropped to it from point D, this measurement and c d give the line D 
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tndex (0 The vetUcal distanct from adlo the axial triradius or to the 
one most proximal if there are two or three axial tnradu (g) The distance 
from the axial tnradms to a vertical dropped proximally from tnradius a 
the interval being measured along a Lne parallel to a d (h) The distance 



Pic 7P^A figbt palm illustratng reference ponts for «evera] measuremeBU includ ng 

those for determ nat on of the hae*D index. 

from the terminal portion of line T to tnradius a measured along a ver 
tjcal intersecting hne a d 

In her study of tvnns Mejer Heydenhagen (219) introduces three other 
measures none of them having reference to fixed base lines (a) The 
distance from tnradius a to the nearest major flexion crease, vanably 
the proximal transverse crease or the radial longitudinal crease (b) The 
distance from tnradius d to the distal trans\eTsa flexion crease (c) The 
distance from tnradius b to axial tnradius 
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Determinations of pattern form may be made m at least some of the 
configurational areas by the same methods as those used for finger prints 
Meyer Heydenhagen measures the breadth and height of loops m inter 
digital areas II, III and IV She places the ans of the measuring disc 
through the middle of the loop, and the base line through the nearest 
tnradius Width is read along the base hne from the axis to the tnradius, 
height IS read along the ams from the base hne to the mtersection of the 
axis with a line traced around the pattern from the tnradius (usually a 
main line, hut sometimes the radiant of an accessory tnradius) It will be 
evident from the topography of the palmar mterdigital patterns that the 
morphological “ base ” of the pattern faces distally, tathec than proximally 
as m finger pnnts 

Statistical Trends 

The workings of the methods of formulation may be appreaated 
through examination of a sample of mass data, a collection of i;8i German 
males chosen from available uopubbshed matenals ’ TermiDations of 
main lines, occurrences of axial tnradii aod configuration types of palmar 
areas are presented m tables 5 10 It should be understood that difienog 
trends assoaated nith race, sex and constitution would be disclosed m 
other samples However, as m the presentation of finger pnnt character 
istics the fundamental directions of variation are here exhibited 

ilatn Lints 

The list of mam line formulae for a senes of palms is tallied m two 
difierent ways One tally is devoted to mdividuil mam hnes the terimna 
tions m each of the seieral positions bemg counted Another tally 1$ 
concerned with the mam hoes in combination, that is, a count of the 
numbers of different mam line formulae, or combinations of mam lines of 
individual palms In the compilation, the second symbol of an alternative 
formulation is disregarded Dual formulations of hne D have one symbol 
representing a radiant which extends farther radially than the other, it h 
this symbol which is tallied Dual formulations of hne A have one symbol 
representing a radiant extending to a position farther ulnarward or farther 
proximally than the other, this symbol is entered in the tally The stated 
choice of one symbol m dual formulations of lines D and A is governed 


* The Poll Peper$ (15) include a coUecbon of palm pnsU and £n^r pnnt5 The fingei 
pnnte hed been enai>'zed and reported by Poll He bad not worked at all with the palm prints 
which have been since traced and fornnzlatcd tn accord with the Revised methods. * The data 
here recorded in tables 5 10 are from this edketioa. 
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by the fact that the general courses of ridges over the palm are best 
registered by this means 

Line T usually is not included in the tabulations, though it may be 
noted that its terminations are most frequently in positi on 13 and next in 
12 and // The Une runs nearer the thumb m ngM hands (86, 93, 293). 


TABLE s 

Peicekt Of Tzsuivations of Palilui Main Lines iv xaSi Ceuian Males 

(Boldfated type emphasises the preponderant hrmtnahons) 



Analysis op Individual Main Llnes Table 5 lists the percent fre- 
quendes of the several positions of termination The distribution of figures 
in the table* indicates that the four roam lines have differential trends 
Terminations of line D are almost limited to the distal border, mainly in 
positions 17, p and 7 Line C terminates usually in the more ulnar regions 
of the distal border and the distal portions of the ulnar border, the largest 
frequencies being in positions p, 7 and 5^^ Line B carries this shift still 
farther. Terminations in the distal border are almost limited to p}OsItioa$ 
7 and d, and there Is a much larger share of terminations in the distal 
part of the ulnar border than is the case for Imc C Line A continues the 
ulnar-proximal progression, since it nearly aliiays reaches the ulnar and 
proximal borders of the palm. 

Line C is noteworthy for its relatively frequent absence and for its 
tendency to be abortive Closely allied to the abortive state is the condition 
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are perforce used though the method 15 obviously infenor to the main 
line index now to be described 

The mam line formula serves to describe generahzed direction of 
ndges but of the four main lines D and A are adequate to depict the 
general ndge direction in all palms A record of the terminations of lines 
D and A as combined in individual palms is the main line index a useful 
and simple device (83) for recording the most significant features of the 
total mam hne formula This index is m a sense an expression of the dircc 
tion of a neutral line its inclination being determined by the courses of 
lines D and A The index is not a pr<^rtion but a summation of values 
describing the courses of these t^o roam lines Values are assigned to the 



A B 


Pig lx *^The lytabots employed hi (onutilatine tbe tem sat o&i of aain I <A) and the r 

equjvaleats as values (B) o the ma a 1 se nAtx 

positions used in the scheme of formulating mam lines (Fig 8i) For line 
A the onginal numencal Qmibols of (be ulnar and proximal borders are 
adopted as values with the single exception that value 6 is assigned to 
position s' It will be apparent therefore that the senes i through 6 
stands for a progressiie shift from longitudinal to transverse ahgnment 
of hue A Line D terminations are e\*aluated so that slants m the distal 
palm receive v'alues which are essentially equal to those given correspond 
mg slants of line A Thus values i through 8 are substituted respectively 
for positions 6 through ij in the scheme of formulation The index is the 
sum of the values of hoes A and D Reference to several examples will 

cluadatc its descnptnc service In a palm having the formula ii-5 

the courses of both lines indicate transversal]ty and the sum of the 
respective values (6 + 6 ) for these positions is an index very near the 
maximum Another palm with the formula 9-4 (fur which the values 
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are 4 + 4) an intermediate slant between the tratis\erse and longi 
(udma! The assoaation of the courses of lines A and D is not ngidlj fixed 
and their courses unlike the two examples ated nia> not be of the same 

rank of trans\ersality The formula q- 2 (values 4 * 4 * 2) is an instance 

of this relation'^hip and it will be noted that m all such cases the index 
IS as adequately expressne of the totaIit> of ndge direction as in the cases 
where both bnes possess the same \atue 

The mam line index may be computed from independent tallies of 
terminations of lines A and D but for statisucal purposes each palm is 
rated separatel> In the German ^enes fTable 5) the avTrage index of the 
^562 palms lb 8 66 Right palms alone average 9 and lefts 7 82 As 
measured bj the index therefore transversahty is 21^ more pronounced 
in nghl palms 


Axtal Trtradtt 

The frequencies of axial tnradu at the different levels and m \’anous 
combinations in the German senes are listed tn table 6 In a large majority 
of palms there is but one anal tnradius most commonl) situated at or 


T<BLE 6 

or Tttcs asd Cooivations or Axtu TiiiAPn ix 12S1 Cxiuas SfAtas 
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1 Left 
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Left 
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0 1 
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0 5 

tf 

6 s 

6 3 

fff 

0 t 


ff 

! Q 4 

0 s 

? 

* S 

0 I 




(0 ot $) 




very near the proximal border (0 Among the combinations of two tnradu 
in single palms // and ttf are the most common Combinations of three 
tnradu arc rare The lack of prea«ion in the method of formulating axial 
tnradu is to be kept in mind if (hc<c features are compared in raaal or 
other samples The exceedingly rare combinations of two tnradu lying at 
the same loci {it, ff) denote the presence of parathenar patterns (Hg 76) 
or vestiges 

Configuralwnal Areas 

HypoTTTESAa. Hypothenar configurations of the 2^62 palms com 
posing the German senes are of 44 differentiy formulated tvpes (Table 7) 
The level of vanabilit) compares closely to that of another senes (82) m 
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which there are 48 formulae for 2827 palms Each of the primary types 
with Its vanants (Fig 74) is represented, and a number of the demed 
forms (Fig 75) occur 


TABLE 7 

FatQvxscsrs oy tsi- Twts of HYyoiHEyjA C<jKnot»^Tio'cs is ii8\ Okuias iUtis 


Types 

Right 
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Types 

Right 

Left 
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L- 

3 « 

2 4 
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v/v 
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4 5 

4 ^ 

V/V 

0 t 

e i 
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s 

T 6 

0 9 

A*Jl^ 
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A*/S 

0 2 


A*IL^ 

0 1 


S/A* 

e t 

0 > 

A^IL* 


0 f 

n/v 


0 2 

VIA* 

1 S3 

4 4 

tf/L-/X* 1 

0 \ 



The majont) (65 7%) of these hypothenar conhgurations are plam 
arches, chiefly A • and A ^lA^^ vestiges occur m i 4% of the cases, and the 
remainder (32 9%) are patterns of vanous types The frequenaes of 
pattern types are tented arches, o 4%, one loop, either alone or m com 
pany with a plain arch, 274%, one whorl, either alone or in company 
with a plain arch, 22%, two loops, S patterns and varied combinations 
t 9% Counting plain arches vestiges and true patterns together, 71 4% 
are single configurations and 28 6% are duplex (or triplex m a few in 
stances) True patterns are shghtly more abundant in right palms than m 
lefts, the respective frequenaes being 35 4% and 30 4% (The values hsted 
m this paragraph are obtained frraa absolute frequencies in the onginal 
data, thus avoiding the error inadent to summation of percent frequenaes 
for the numerous types, as hsted m table 7) 















PALU$ 


II 7 

Thenar and First Intesdigital Table 8 lists the configuration 
types o! these tT\o areas in the German series Eighteen different formula¬ 
tions are required Both areas, m 85 1% of the palms, lack vestiges or 


TABLE 8 

Fsequevcies or the Types op Cokhci»atw«s Qt the Thesae/Fisst Intemumtal Asea 

r\ laSi Gebmav ilAtES 


Types 
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Left 
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UO 
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tt/l 
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patterns A vestige or pattern is present m one or both of the areas in the 
remainder, 14 g% The coeiustcnce of separate vestiges or patterns in 
both the thenar and first mterdigital areas Is the most frequent relation¬ 
ship, amounting to 5 9% of the whole series of palms, in 2 6 % the thenar 


TABLE 9 

Fbeqvimcizs or the Types or CoKTioetATioKS or ras Sicovii avs Tbiks iNTZPDicnAi 

Areas tx trSi Gekiun Males 
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I 4 

0 6 

\V 
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alone bears a vestige or a pattern, and in i 2% the first mterdigital is thus 
distinguished There are 5 2% of palms displa>nng a single vestige or 
pattern placed in an intermediate poatmn and not expressly assignable to 
the thenar or the first interdiptal area There is a distinct bimanual 
difference in the frequency of vestiges and patterns, the left palm having 
the greater number 
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Secoxp, Thirp and Fototh IiOEEPiciTAL Am:as Since there are no 
duplex configurations in the second auid third mterdigital areas of the 
German senes the number of possible configurational vanants is limited 
to the seven typ^s bstcd in table 9 

Of the three mterdigital areas in the distal palm, the second area pre 
seats the lo7»est frcqucnc> of vestiges and patterns In the German senes 
the patterns are invariably loops having an accessory triradius Of all 


TABLE 10 

FrxqcevCIES or rat Tyfxs of CovFiqr»ATio\$ or the Fousth Ivtejldicital Afza in 

i«3i CrtuAN Males 


Tj-pes 
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1 Left 
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Left 
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4 ? 3 
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All duplex combiQSOons of peUemstod vestiges 
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palms in the collection, 6 6% beat this type of configuration Vestiges 
occur m si% c( the palms Vestiges and patterns of the second inter 
digital area are more abundant m right bands than m lefts 

The third mterdigital area i> marked by a vestige or pattern in 53 6% 
of the palms The most common pattern is a loop (without accessory 
tnradius), occurring with a frequency o( 45 8% A loop with an accessory 
tnradius is infrequent (i 0%) and whorls are extremely rare (o 15%) 
Vestiges amount to 6 7% in the whole senes Well developed patterning 
of this area is a distinctive trend of ngbt hands, but small loops and 
vestiges occur more commonly in left hands 

The fourth mterdigital area (Table ro) shoas a relatively frequent 
occurrence of duplex combinations of patterns or vestiges, 4 7% Single 
patterns or vestiges occur in 53 8 %of all hands The most common pattern 
type, whether single or in combination is the loop without an accessory 
tnradius Loops with the accessory tnradius as well as whorls are more 
common than in the second or third mterdigital area There is marked 
bimanual asymmetry of patterns and vestiges, 72 3% of the left hands 
beanng single and duplex combinations, as against 48 67 c right hands 
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Summary 

Each palmar mam line, notwithstanding individual variability, courses 
\vithjn a prescribed field Line D is extended radial^\ard in the distal region 
of the palm, terminating along the distal border with only rare exceptions 
Line C extends m a field charactcnslically occupying only the ulnar 
portion of the distal border and the distal part of the ulnar border, this 
line IS distinctive in the frequency of complete and partial suppression 
Line B involves a still more ulnarward restricted portion of the distal 
border of the palm and m compensation there is an increased entry into 
the distal half of the ulnar border Terminations of line A are virtually 
confined to the ulnar and proximal borders of the palm The distinctive 
bimanual trends exhibited in mam lines indicate a greater tendency m 
right hands toward transverse coursing of ndges The suppressed states of 
line C are more frequent in left hands 

The frequenaes of patterns and vestiges vary widely among the several 
configurational areas Combimng true patterns and vestiges (m the Ger 
man senes here used as a sample), the fourth interdigital has the highest 
frequency (do $%) the third interdigital next (53 6%), and there 15 a 
rapidly diminishing frequency from hypothenar (34 3%) to the thenar/first 
interdigital combined (14 9%) and second interdigital (11 8%) The follow 
ing areas display larger frequenaes of patterns in nght hands hypothenar, 
second interdigital and third interdigital The thenar, first interdigital 
and fourth interdigital areas have lugher frequenaes of patterns and 
vestiges m left hands 
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S TANDARD anatomical terms are applied for designating directions 
and describing the locations of plantar features Dislal and proximal 
have the same meanings in hand and foot^ but in the foot the equivalent of 



radial is hhtal and the equivalent of 
ulnar is fihuUr The terms tibia] and 
hbular are derived from the names o( 
the two bones of the lower leg tibia 
and fibula which respectively are on the 
sides of the big toe and little toe 

CoNTicxTiuTiovAL Ajieas There 
are eight plantar configurational areas 
(Fjg Zt), which should be compared to 
the previously descnbed palmar areas 
The region of the foot corresponding 
topographically to the hypotbenar emi 
nence of the palm is much more elon 
gated, occupying the fibular region of 
the sole and the entire heel The heel 
region is the calcar area of dermato 
glyphic topogiapb> The remainder of 
the fibular region of the sole constitutes 
the hypolkcnar area proper, this area i$ 
divisible into dxzlal and proximal sec 
tions The homologue of the region of 


the thenar eminence in the palm is likewise elongated, and is separated into 
distal and proximal thenar areas The distal thenar area is a component ol 
the tibial portion of the ball of the foot In the ball region there arc four 
dennatogI>'phic areas, which in tibio fibular sequence are kallucal (repre 
senting the distal thenar and first tnterdigttal combined), the second^ third, 
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and fourth tnlerdt^tlals These four areas usually may be indjiidually dis 
tmguished not only through the presence of tnradii and radiants which 
limit them but also by the fact that each often bears a discrete pattern 
covenng its entire expanse In the fetus and infant the indi\iduahty of the 
areas of the ball region is evidenced further by their slight elevation as 
pads The configurations of all plantar areas are classifiable, and as in 
fingers and palms they may be treated by the method of *^pattern 
intensity ’ 

As in the palm, the distal radiants of each 
digital tnradius typically embrace a digital area 
In the sole there are five digital areas instead of 
four, since in relation to the big toe there is com¬ 
monly a digital tnradius that has no counterpart 
in the palm 

Triradii The characteristic topography of 
the tnradu of the distal sole t$ shown in figure 
83 A It IS appropnate to name the digital tnradu 
in accord with the system applied m the palm, so 
that a, 6, c, and d are homologous in palm and 
sole, though the tnradius at the base of the big 
toe requires a new literal designation, e 

la the pronmal region of the ball there com 
monly occurs a tnradius or more than one, such 
tnradu mark the conjunctions of configurational 
areas when the designs of the opposed configura 
tions are of unhke ditecUons Called ** lower 
deltas” (le, lower tnradu) by Wilder, and not 
otherwise named here except for the one (J >—for 
proximal) assoaated with the conjunction of the 
hallucal and second interdigital areas, they correspond to the accessorj 



Pic 83 Tbe pl»& 
of tnrid i in the d ttal sole 
B D agmm of ndge d rtc 
t oai With nuinencal sym 
bols appl cftble in desenp- 
Xion of the ali£Bment of 
ndses in the to d region 
end celcer eree 
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tnrada of certain types of paltnai interdaptal configurations (D, d and 
in Harkness Miller suggests that these lower tnradii, perhaps especially 
might be homologous to axial tnradii of the palm 
Except for the work of Wilder (lOi 114) and of Schlaginhaufen (144) 
little attention has been given to the systematization of the plan of plantar 
tnradii Table 11 identifies the foregoing designations of tnradii with 
Schlaginhaufen's numerical symbols^ which have been adopted by a few 
workers (for example, Bychotvska^ 127) 

Formulation op Malv Lines 

The proximal radiants of the five digital tnradii may be considered as 
mam lines and traced on sole pnnts in accord with the rules outhned for 
the palm Occasionally ‘ pseudo digital tnradii' (xo^) occur, they may be 
compared descriptively to displaced digital tnradu (Fig 90 the tnradii 
proximal to the second and third toes) The radiants of triradius p or 
indeed of any lower tnradius, likewise may be traced to tbeir terminations 
These traced lines whether i<sumg from digital pseudo digital or lower 
tnradu, may be formuliAted hkt palmar mam lines 

Certain technical difficulties arise m appbcation of the method (a) 
One or more digital tnradu may not be included in the pnnt and the lines 
onginating from them accordingly are not traceable (b) Tnradius p the 
radiants of which might be useful as an indicator of general ridge direction 
IS frequently absent (c) A main line may enter an interdigital area, and 
become in\olved m its pattern, so that its course 1$ of no significance for 
describing generabties of ndge direction The formulation of such bnes is 
extremely intricate (166), and the detail has only limited usefulness m 
biological analyses (d) Mam lines frequently extend to positions on the 
tibial and fibplar borders, where there are no definite anatomical land 
marks for the establishment of intervals and points 

Despite these difficulties, it is desirable at times to describe plantar 
main lines in terms of the positions of their endings along the plantar 
borders The distal border lends itself to the same system followed m the 
formulation of palmar lines, with interdigital intervals and digital tnradu 
numbered to indicate positions of tcmunation The lines including radiants 
from tnradius p, may course to the distal portions of the tibial and fibulae 
borders, and, if they are to be formulated at all, it is fitting that the 
procedure take into account the morphological affinities of palm and sole 
These relationships are here presented from the viewpoint of comparative 
derma toglyphics (141) 

Figure 84 IS designed to emphasize the parallcUsms between palm 
and sole by applying to the sole the symbols used for homologous intervals 
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and points m the palm The numbers for positions along the di tal border 
are those originallj proposed by Wilder (114) m an exposition of methods 
which fe^^ workers have since adopted owing to the technical difficulties 
mentioned Reference already has been made to the elongation m the sole 
of the regions corresponding to the palmar hypotbenar and thenar areas 
Methods of formulating terminations of main lines along the plantar 
borders ha%e not been standardized The present suggestion of zones for 
formulation goes little farther than to draw at 
tention to homologies with a view to secunng 
uniformity in the treatment of palm and sole 
Along the hbular border the most distal segment 
15 here designated 5 and though there is no 

landmark to separate its distal and proximal ^ 1 

regions zones 5 and 5 might be distinguished 
as in the palm There is likewise no proximal ^ 
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boundary and the only entenon of the indm 
dualit) of this zone is the frequent presence of 
a distal hypothenar pattern (Fig 92) and the 
appearance m the fetus of a localized pad in this 
region It ts the maximum expanse of the distal 
hypothenar pattern and of the corresponding 
fetal pad which sets the proximal boundary of 
zone 5 (Fig S4) Point 4 of the fibular border is 
located somewhat distal to the mid level of the 
margin The proximal hypothenar terntory 
(position 3) is xnarkedlj elongated Position 3 
includes about two thirds of the fibular border 
and the entire heel margin The inclusion under 
one symbol for formulation of so prolonged a 
share of the foot margin is not a disadvantage 
inasmuch as plantar mam lines do not extend 

far proTimally The tibial margin distal to the heel corresponds to posi 
tion I m the palm but it may be subdivided into distal (/ ) and proximal 
(lO halves for descnptive formulation 

Since the mam lines do not extend farther proximally than the middle 
of the sole their formulation affords no indication of the general alignment 
of ndges in a large share of the plantar surface Some workers accordingly 
have adopted Schlaginhaufen s practice of describing the variable align 
ments In figure 83 B fve grades of alignment are indicated The slants 
may be characterized by describing them in terms of coursing from the 
fibular to the tibial margin 


l' C 84 ^Border pos t one 
the sole w th the symbols 
Homo og es w th the pslm 
are uidics ed by the use of 
the same aumen al symbols 
w th the add t on of 14 and 16 
for two tn ad wh h have 
no coun erparts in the palmar 
scheme 
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1— Pronounced slant proximally 

2 — Slight slant proximally 

3— Transverse 

4— Slight slant distally 

5— Pronounced slant distally 

It mil be apparent that disUntUons between consecutive grades can not 
be sharp!} drawn without resort to angular measurements, a procedure 
which has not been adopted by investigators employing this descnptive 
method 


Formulation or Covtiguratioval Ar£as 

Many workers limit their analj^ses of the plantar dermatoglyphics to 
the frcquenacs of conhguration types in the several areas, often only the 
four areas of the ball region For identification purposes the suggested 
classifiwiUons are naturally so bnuted (79, S09) Even in the ball region 
faulty technique in pnnting may make it necessary to exclude some prints 
of a senes If the extreme distal border is incompletely registered, lapses 
involving some pattern types might lead to erroneous classification (e g, 
a loop having its head m the unpnnted zone would appear as an open field, 
or a whorl would appear as a loop having its opening in an loterdigital 
mteml} 

The following account of configuration types and symbols for their 
formulation is based mamly upon the methods of W ilder, of Schlaginhaufen 
and of Montgomery There is only partial agreement of scope and method 
among these three writers In instances of their discrepant treatment of 
the same configurational areas our choice of methods aims to secure 
maximum descnptive usefulness and the greatest possible conformity to 
methods applied m the fingers and palm ^lodifications of descnption and 
formulation are introduced at some points (especially in connection with 
the hypothenar), which in the light of new information call for a more 
extended or a different analysis 

The ten sole traangs illustrated in figures 8^ 94 depict most of the 
varieties of configuration occumng 10 each of the eight areas and their 
legends supply the formulations of the configuration types 

Hallucal Area The ballucal area, occupying the tibial part of the 
ball region, presents four pnmary types of configuration whorls On the 
sense of Gallon), loops, tented arches, open fields Each of the pnmary 
types, as desenbed below, exhibits different varieties In addition to these, 
there may occur in any area a vestige (symbol, V), chaiactcnzed as in the 
palmar configurational areas 
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Whorh, as in finger prints may be consii^ered either as a compre 
hensive group, or the group may be subdivided If subdivided, the types 
may be formulated by using 11' as the pnmar> symbol, adding abbrevia 
tions of the names of sub types for all except the typical concentric or 
spiral whorl Othen\ise primary status may be ^ven to each of the types, 



Fics Sot« itkc ngs e*ch a compo$ te from two or om ftctoU prints The peltem 

fonnoUe ore 

sj —irx^x^x'xvt' o V 
86—nx^n FT VOX' 

87 —Sm OIAX^ V OX' 

68 —IP OX'* lV2}fV 0 \tv 

89— Ci*' IT irx' I /ooo 

90— X' vxo o ir/i X* V 

gi-^VQOOOVV 

x'l irox/ooo 
95 —r'X' ir irxvx* o v 

94 --OX' 0 OX'X* O 

thus II for the true whorl, CP for central pocket, etc The mam types 
With s> 7 nbols are 

(a) A t3T)ical concentric or spiral whorl (11 Figs 85, 86) 

(b) A whorl presenting an S shaped central design (ir^) 

(c) Seam a whorl showing abrupt interriiption of the concentnc 
circuit, with a number of ndges ending m a right angled relation to a 
part of the system (U *" Fig 87) 
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(d) Lateral pocket, or two interlocked loops, tracings from the two 
cores reach the same plantar mai^ {LP Fig S8) 

(e) Twin loop {TL), or two interlocked loops differing from the above 
in that core tracings reach different plantar margins (e g, tibia I and 
distal) Lateral pockets and twn loops may not justify distinction in 
many biological anal} ses 

(f) Central pocket, a loop having one or more recurved ndges in its 

center, corresponding morphologically to the centra! pocket occurring 
in finger prints Since there are three types of loops distinguished by the 
directions of their openings —see below) superscripts ace added 

to indicate these Ij’pes— CP^ (Fig 89), CP^, CP^ 

Loops of the hallucal area have their open extremities pointed m three 
directions dislally (L^, Fig 90), to the tibia! margin [V, Fig 91), to the 
fibular margin (Z.^, Fig 92) Z* and V correspond respectively to 
\Vilder*s types vl, B and C ) 

Tented arches (F, Fig 93) usually arc not subdivided though the 
system adopted for the palmar hypolhcnar might be applied here A 
tented arch may be described m terms of the facing of its base, using the 
initial letter of that direction as a superscnpl m the symbol 

Open fields ( 0 , Fig 94), which actually are plain arches ordinarily 
are not designated by their directions, but the method of formulating 
plain arches of the palmar hypotheoar may be applied Wilder (101) 
recogniaes three classes of open fields on the basis of non appearance of 
specific tnradji The rationale of Wilders classification of open fields 
IS a senes of morphological affinities traceable from the relationships of 
triradii m a whorl In a typical whorl of the faallucal area (Fig 85) there 
are three tnradu A, lying distal to the pattern, B on the tibial side, C 
on the fibular side His designations of halJucal loops (A B and C) 
indicate the directions of their openings, each type being interpreted as 
if It were converted from a whorl to a loop by suppression of the tnradius 
on the side of its opening In turn tjrpes of open fields {AB AC and BC) 
are individually distinguished by rcfereuce to the location of the two 
Inradii which are assumed to have disappeared in each In accord with 
this interpretation the open field m figure 94 is BC 

Secovd, Third a\d Fourth Interdicital Areas These are the 
‘ plantar areas of Wilder, as distinguished from the hallucal area, and 
they are respectively the first, second and third interdxgitafs of many 
wnlers The hallucal area is morphologically a fusion of the distal thenar 
and first interdigital (Chap 9), hence it seems desirable to adhere to a 
scheme of numbenng the three **plantar areas' which agrees with their 
true identities as second, third and fourth interdigitals 
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All the areas exhibit the same general types of configurations 

WhorU (IV Gal ton inclusive sense^ the occasional deviations from 
the construction of true whorls not being recognized m formulation) 
See figure 86 , areas III and IV, figure 89 areas II and III 

Loops may open distally (If, otL^ Fig 85 II, III and IV) or proximally 
{n,OTL^ Fig 86,11,87, IV) 

Vesttges (V), localized disarrangements of ridge direction especially 
in the form of abrupt convergences lacking the recurvatures ^hich char 
actenze true patterns 

Open fields ( 0 ), as previously defined for palmar mterdigital areas 
(Fig 87, II, Fig 91, II III and IV) 

Departures from the typical relationships of mterdigital areas some 
times occur A pattern or vestige may not be centered m exact alignment 
with an mterdigital interval, mterdigital II in figure 90 is displaced in this 
manner, being as closely related to the third mterdigital interval as to 
the second In such cases however the sequence of configurations m the 
ball region may offer a clue to their individualities It is not uncommon 
that two adjoining configurational areas are united as a single pattern 
(Fig 88 III and IV) Here, too the identities of the configurational 
areas involved are clear, m formulating any convenient symbol (eg, 
note legend of figure 88) might be chosen to indicate the fusion of two 
configurational areas 

The typical relationship of mterdigital configurations which open 
into mterdigital intervals ( 0 , and some vestiges) is that ndges Sowing 
from an mterdigital area enter the interval of corresponding number 
Not infrequently, hots ever, the operung ridges may be deviated to another 
interval (Fig 87, where ndges from area II reach the first mterdigital 
mterval, Fig 94, where the configuration of III enters the fourth interval) 
Such a deviation, which is assoaated with suppressions of digital tnradii 
and fusions of the related digital areas, might be recognized in formulation 
by adding to the symbol of the configuration type, as a supersenpt, 
the number of the mterdigital interval receiving the aberrant opening 
of the configuration 

HYnoTHENAR The hypothenar area demands a speaal formulation 
sdspCed to tbc vsexsble of eo its desist seed 

proximal terntones Sometimes the distal and proximal regions are 
separately recognizable (Fig 93), but the two may be blended either 
into one pattern (Fig 94) or vestige (Fig 87), centered at an intermediate 
level, or into a continuous open field (Fig 91) Dual formulation is applied 
m all cases in v^hich the identities of distal and proximal elements are 
recognizable, even if one of them is an open field (e g , Fig 9^, V/ 0 ) In 
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the duplex s}mbol the distal element is recorded first Single formulation 
IS reserved for the instances of blended configurations, where there is a 
continuous open field or a pattern centered at an intermediate level 
Configuration types of the hypothenar area are of the same fundamental 
classes as those occurnng in other areas They are formulated with the 
initial letters of their names, with superscnpts indicating the directions 
of the open extremities of loops as exemplified in the legends of figures 

85-94 

^\Tien it IS desired to indicate the general ahgnment of ndge courses 
the numencal scheme illustrated in figure 83 B is useful These numerals 
might be attached as superscnpts to the initial letters which stand for 
configuration types, or the ndge alignments might be formulated inde 
pendently of the configuration types If they are combined m one scheme 
of formulation it would appear to be superfluous to write the symbol for 
an open field (0) in addition to the number, use of the number alone will 
simplify the cataloguing of a senes of pnnis 

Calcar Area The configuration of the calcar area is very rarel) other 
than an open field ( 0 ) The occurrence of a whorl (HO a loop {V Figs 90 
and 94, or a vestige (T, Fig 91) may be formulated by the usual 
symbols Ridge directions may be designated by the numencal scheme of 
figure 83,B 

pROxniAL Thevar Area So htlle study has been accorded the tern 
tory of the proximal thenar configuration that all the possible vanants 
probably hav'e not been observed The usual symbols should meet any 
likely need in formulation as exemplified in figures 85*94 

Digital Areas Absence of plantar digital tnradu, mentioned earlier, 
has its parallel m the palm, where the chief locahaation 1$ m tnradius c 
instead of m a and b as in the sole In the absence of a digital tnradius 
there are no radiants to confine Che digital area which accordingly blends 
into the mam configuration of the distal sole (Figs 87, 94) Digital tnradii 
also may be shifted (Figs 86, 90, 92, 93), and replaced or supplemented 
by interdigital tnradu or by pscodo-digital tnradu (Fig 90) \\ilh the 
disappearance or proximal shifting of digital tnradu the digital areas 
adjoining two or more digits are thus fused (Figs 86, 87 90 92, 93 94) 
Such fusions have morphological importance, and any device which 
w/iLcaAes. tb/t dipAal vwvolwi may he. im^LcavT-wl for the tallyrn^ 
of a senes of soles 

CoiCPLETE Plantar Formula The wnting of a complete descnptive 
formulation of the sole has not been a general practice In formulating 
configurations of the distal sole the order adopted for listing the several 
symbols is hallucal, interdigilal II, interdigital III, interdigital IV, distal 
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hypothenar Restriction to these areas is an adaptation to the frequently 
incomplete recording of other re^ons in prints When the prints are 
adequate, and when there is reason to extend an analysis to other areas, 
the following are appended in this sequence to the preceding formula 
proximal hypothenar, calcar, proximal thenar The complete formula 
would then include eight symbols The advantage of catalogues of com¬ 
plete formulae is that they admit ready analysis of the associations 
of configuration types in individual soles In special studies, the plantar 
formula might be enlarged to include features additional to the configura¬ 
tion types of the eight areas absence and displacements of digital triradn, 
fusions of digital areas, courses of at least some mam lines, inclination of 
ridge courses in different regions 

Statistical Trends 

Extracts of data (Tables ia-i6) from a study of plantar dermato- 
glyphics by Takeya will illustrate the directions, and to some degree the 
extent, of individual variation, though the trends displayed m the statisti¬ 
cal results are modified by the raaal composition of the senes' The 
material comprises the prints of looo Chinese at Fushun, near Mukden 
The prints l^e^e exhaustively analyzed by Takeya, and the results are 
here presented only in part 

TABLE iJ 

Fitqcxhcad or rst Postitoss or TeruiHATtoN or TUt faciAs aso Distal Raoiakts or 
TulASlCS f, FOKOTLATtO BY tHE NOUEAICAt SvkOOU SrOVNV TV FlOClK S4 
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Triradius p. THs triradius is present in 53 3% ol the right soles and 
45 8% of the lefts, or 49 5% of the entire series 


^ A umilar, though not so extrowe a rtudy, u that of Montgomery (108) It deals only 
with the four ConSgurabonal areas of the ball region and the dJSUl h)^*^thenar, in a senes 
o( 2000 persons The frequeooea of conSgaratloa types ui each area are presented, but without 
separate listings of right and leit sides Itarhneas-MiUer presents complete formulations of 
plantar conSguration types and mam bnes m the soles of too persons. 
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The fibular radiant (Table 17) is directed into the fourth mterdigital 
interval in 57 9% of the soles and the next most common terminations 
are in the distal portion of the fibular border {to 9%) and the third inter 
digital interval (183%) Rarely docs this radiant fuse vnth digital tn 
radius d (i 1%) or (i 8%) There is a definite bilateral distinction m the 
frequenaes of positions of termination of the fibular radiant In nght 
soles the tendency is for the radiant to extend farther tibialward than m 

TABLE fs 

Rtdgx Cotftsts Of Opev FatDs of the AIbjoce op the Sole akd or the Calcae Area 


FOEWULATEO BY THE ^ltUEEICAL SYMBOLS ShOW N JA FlcriX ?J B 
(Data cn Ounfse Jfcm Takeya based an looo rt^ki and ioo& Ufl soles each less y soles Jot the 

eokcf area n>hick bear palterns instead of open fields) 
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lefts, where the inverse tendency ts reflected in a sharp nse m the number 
of endings on the fibular borders and decrease of endings tibialward 
The distal radiant, which most commonly terminates in the first or second 
mterdigital interval (Table tt), displays the same trend suggesting an 
interdependence of the two radiants as if they were both pivotmg on the 
tnradius of ongin Corresponding dislinctiODs between nght and left 
soles are exhibited in the courses of mam lines onginating from digital 
tnradii (105) All these statistical differences between nght and left soles 
are the plantar counterpart of the bilateral distinction manifested in the 
courses of palmar mam lines 

RmCE Directxovs PaoxiitAL to the Ball The alignments of ndges 
m the middle and pronmal (calcar) sections of the sole are recorded in 
table 13 Two thirds of the soles exhibit transversely coursing ndges 
in the mid region, and the remainder ate nearly equally divided between 
fibulo-distal and fibulo proximal slants (of slight obliquity grades 2 and 
4) There is a tendency of nght soles to favor the fibulo proximal slant 
and of lefts, the fibulo distal slant 

In the calcar region 55 8% of the soles present a slight fibulo distal 
slant and the next most common direction is transverse (33 3%) Right 
soles tend more to the transverse aUgnment, while lefts display a greater 
frequency of incbnations in the fibtilo-distal direction, as is true of the 
mid sole 
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TABLE 14 

Frequencies op Types op CoNficu rations in tde Hallvcal \bea 
{Data OH Chim5€ from Taktya hosed on 1000 rtghi and xooo left soUs) 
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CovriGURATioNAL Areas The most common configuration in the 
hallucal area is a loop opening into the first interdigital interval It occurs 
in 48 5% of soles (Table 14, Whorls are nett in frequency, 30 7%, 
and open fields follow v.ith 12 2%, then loops opening to the tibial border, 

7 3 % 
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The most common configurational type m the second and fourth 
interdigital areas is the open field (Table 13) The third mterdigital area 
differs m presenting an excess of patterns over open fields Throughout 
the three areas a loop opening distally (L*) is the most frequent pattern 
type 

TABLE f6 

Feeqiencies of Types op Cowoueations ih the DniAt as"© Piomual Hypothevar 

Areas 


(Data an Chinese from Takeya based on 1000 ffght end looo tefl soles The ortginaifcrnuJattons 
h Takeya are tn terms of Schfaitnhaufen s types ore here combined os follovs Open 

fields ■« types i 6 7 and S ^ esttges ^ types * 4 aud 4 loops « type S) 
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The configurations of the distal and pronmal hypothenar areas are 
listed in table 16 Vestiges and patterns occur more frequently m the 
distal area than m the proximal area 

The calcar area is patterned monly 14 soles of the entire senes of 2000 
thus giving a frequency of o 7% * The remaining configurations are open 
fields, their ndge alignments being discussed abo\e 

Except for the distal hypothenar area, where the relationship is 
reversed, nght soles bear a greater proportion of patterns m each of the 
SIX configurational areas considered The bipedal differences are greatest 
m the instance o! the distal hypothenar area and least in the hallucal 
The statistical reliability of some of the smaller differences is questionable 
Bipedal differences of pattern frequenaes in the calcar and proximal 
thenar areas cannot be analyzed m the available material 


’ Tbe cilear pattern is rite m sIS nca tliottab it as possible that some populations may 
double or triple the frequency here indicated for Ountse For example de Fins (Sobre f^ras 
pspDires da regiio pUnUr em Portugeses e nesros de AInca J med Cal Fort Sept 1935) 
finds in a senes of 996 Portugese two individuals bavice tie calcar area patterned vcuJaterally 
and three nbo bear bilateral palteraa*~mabiag aa loodeoee ol 1 7% of the individtuls leho 
are patterned on one or both soles Tbe same author reports a frequency of 2 7% in 9 senes of 
363 ^e$t Alncan Searoes three eases of unilateral and three cases of bilateral calcar patteras 
It IS possible of course that families characterued by frequent calcar patterns are included 
in Ibe matenal reported 
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S CANT matenal relating to toe pnnts is available in the literature, 
but it IS sufficient for comparison with the data on fingers The most 
extensive analysis of toe pnnts is that of Take>a His matenal consists 
of 1000 Chinese, the same subjects dealt with in Chapter 6 Another 
important contnbution is the study by Newman It is based upon a much 
smaller number of subjects, too European American males but its value 
IS enhanced by the conjoint analyses of toes and fingers of the same 
individuals Steilens investigates toe pnnts and finger prints in too pairs 
of twins (German), 50 pairs each of monozygotics and same sexed di2> 
gotics, the sexes being in equal numbers in either group She presents 
data not only embracing the total material but also for a senes composed 
of one member from each pair, selected to ehminate possible vitiation 
of the statistics by the inclusion of twin partners Hasebe (286) presents 
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the frequenaes of configuration types in toes of xoo Japanese males 
records pattern type frequenaes lor the bfg toe alone in 182 subjects, 
and for all toes in 34 

The configurations of toes conform to the topography described for 
finger pnnts (Chap 4), they present, inoreo\er, the same basic types 
and the same manifestations of transitjon from one type to another and 

m 













DETIMATOCLTTPSICS 


^34 

are subject to identical methods o{ analy^s Only passing comment has 
been made vr\th regard to pattern lorn and pattern size (\i8 J19), and 
there is no information at all in referent to the middle and proximal 
phalanges With regard to the occurrences of pattern types the chapter is 
extended to include pertinent comparisons with fingers 

Statistical Tre\ds 

Total Frequenozs of Patter> Types The frequencies of the basic 
types of patterns, m the four available collections, are listed m table 17 
Wliorls and tibial (radial) loops are less abundant than in fingers while 
arches are more frequent Compansons of fingers and toes in the same 
racul populations demonstrate consistent direction of this intcrmcmbral 
difference In Newman’s collection of 100 European Amen cans whorls 
are 67% more frequent m fingers than in toes, and arches are nearl> six 
times more abundant in toes than m fingers Steffens’ German senes 
presents a whorl frequency in fingers which n 40% greater than that m 
toes, arches are aH times more frequent in toes* Hasebe’s Japanese senes 
displays an even more striking difference m tbe same direction whorls 
being times more abundant in fingers, and arches nearly S times 
more abundant m toes The fingers of Japanese ha\e a much greater 
abundance cf whorls than do the fingers of European ^mencans or Ger 
mans, jet tbe toes of Japanese as compared intb European peoples show 
a lesser number of whorls Thus there appears to be an inverse relationship 
between the occurrences of whorls and arches in toes and fingers As is 
generally true in mass statistics of fingers, the inadence of arches decreases 
with elevation of whotl frequency 


TABLE (S 

or Subtypes or Ubobls iv Toes and Finceis 


1 

1 

To« 

FiDgers 

Takeji 

IsewDian 

1 

Scotland Yard 
(Table 1 ) 

Tnie wborU 


a 1 

30 

Ccistnl pockets 


' 0 2 

3 1 

Lateral pockets and t«in loops 


1 '5 1 

3 > 



1 

j ^ •? 



The subtypes of whorls represented m the total frequenaes of 20 ^% 
in the Chinese senes and the 21 7% in the European Amencan senes 
are distnbuted as indicated in table 18, which includes also correspondiDg 
data for fingers The proportionate representation of each of these classes 
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differs widely in toes and fingers True whorls and central pockets are 
much less abundant in toes, the proportions of double-loop patterns and 
accidentals being several times greatci than in fingers 


TABLE 19 

FiEQOTNClES OF BlCENTltC WHO SIS POClET LoOFS» TwtV LOOFS» AcCIOEVTAtS) 

Co VP At ED IK Tots AKD FlM^tRS 


T«>« 

Finders 

Takcya 

1 Newman 

Steffens 

Scotland Yird 
(TaWe x) 

Steffens 

9 % 

1 

73 7% 

1 

S 3 9% 

I* 6% 

iS 7 ** 

1 


Whorls may be classified also according to the presence of one core or 
two monocentric (true whorls and central pockets), bicentnc (lateral 
pocket loops, t^in loops and accidentals) The frequeneves of biccntric 
patterns, in percent of all whorls in the inclusive sense, are listed in table 
19, the implied percent remainders are the frequencies of monocentric 
patterns Toes differ from fingers in presenting 3 considerable increase in 
the proportion of bicentnc patterns 


TABLE to 

Fii£Qt:i\ct£S 0? TffE Twss Of CoNTicuiAtJONS ON Tots 

en iooo Ckint$e,ff^m Tokty^) 


Digit 

Side 

' Wliorls 

Tibultr loops: 

TibiaJ loops 

Arcbes 

T 

1 R 

6 S% 

78«% 

4 S% 

10 9% 

i 

L 

9 S 

67 7 1 

20 4 

IX 6 


1 J5 + X 

7 5 

7*9 i 

7 d 

22 8 


r — . —. • 
R 

17 9 

74 6 1 

0 5 1 

7 0 

II 

L 

19 9 

t9 0 

0 8 ^ 

10 3 


R-k-L 

iS 9 

tt s 

0 7 1 

8 7 


R 

to s 


^ 3 

F 9 

ni 

L 

55 5 

3^ 4 

* 7 

6 6 

1 

R + L 

1 

57 S 

3^ 5 

I 0 

4 a 


R 

*7 4 

65 0 

0 7 

z6 9 

IV 

L 

19 a 

50 9 

4 4 

U 9 


R-^L 1 

iS 6 

SS 0 

7 6 

to 9 


R 

0 4 

4S s 

0 ? 

SO t 

V 

L 

0 7 

45 4 

* 9 

52 0 


R 4“I 

0 6 

47 6 

* 3 

\ 5« t 
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DisTRiBunov OF Pattern Types os Single Digits The note^vorthy 
trends evidenced m the digital distnbiltion of pattern types (Table 20 
and Fig g:,) are emphasised in the occurrences of whorls, tibial loops and 
arches The total of fibular loops may be regarded as a pool which charges 
or contracts with deaease or increase of these other t>T>es The di 2 erentia\ 
trends of pattern frequency among the five toes are best appreaated by 
stating the madence on each digit in terms of the total of each pattern 
type rather than in reference to the total of all patterns 



1 n i!i IV V I a 01 IV V in m iv v 

Pig 95^Prequ«nc7 distnbuttctu of pattern type* on laemdual for com pantos 

of toe« and finfera Data from tables j aod 15 converted to indicate the percent of the total 
of a particular pattern type bomc by each d git 

Digit I bears a larger number of tibial loops (58%) than any other toe 
It has next to the lowest frequency ol whorls (7 5%) 

Digit II IS the site of minimum frequen<y of tibial loops (5 o) and next 
to the lowest frequency of arches (8 9%) 

Digit III carries by far the highest frequency of whorls (55 7%) 
ancf tie Teas^ fiirqaency-o/an:ies {4 g%) 

Di$ii IV beats next to the highest frequencies of Ubial loops and 
arches, but its chief distinction lies m the fact that no other digit, toe or 
finger, reaches this degree of leveling of frequenaes of the four pattern 
types (the closest approach to it being the index finger) Of the total fre 
quency of each type, 18 0% of the whorls are on this toe, 20 2% of the 
fibular loops, 19 5% of the tibial loops, and 21 5% of the arches This 
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distnbution is m sharp contrast with widely unequal distributions m all 
other toes and fingers The corresponding values for the fifth toe may be 
a ted m illustration whorls, 05%, fibular loops, 16 5%, tibial loops, 
9 g%, arches 52 6% 

Dtgtl V has the highest frequency of arches and the lowest frequencj of 
whorls 

These digital distributions of manmum and minimum pattern type 
frequencies differ significantly at some points from the conditions existing 
m fingers (a) The maximum frequenaes of whorls in fingers occur m 
digits I and IV, while in toes these patterns are more concentrated on one 
digit, III (b) The maximum frequenaes of radial (tibial) loops are in 
finger II and m toe I (c) Arches are concentrated in finger II and in 
toe V 



According to Newman, the pattern distributions on fingers and toes 
show greater similarities if toes I, II, III and IV are compared respectively 
with fingers II, III, IV and V Of the intermembral distinctions just 
listed, the localization of radial (tibial) loops is a clean cut illustration of 
this principle Further demonstration is afforded m comparisons of pattern 
intensity Pattern intensity values have been computed for individual 
digits, converted from the frequenaes in tables i and 20 and from New 
man’s data on toes and fingers A fairly close fit between the graphs 
(Fig 96) for toes and fingers is obtained onij between toes IIV and fingers 
II V Toe V and finger I are thus left unpaired in the pattern intensity 
comparison It might be suspected that raaal differences create a false 
showing in the companson between fingers of the Scotland Yard senes 
and toes of Chinese (Fig 96 A) However, the same relationships are 
present m Newman’s senes (Fig 96,6), which indicates that the difference 
here observed is independent 0/ race 

Steffens shows that there is a relationship between fingers and toes 
with regard to the total frequenaes of pattern types \\Ticn the toes 
present frequent arches, the fingers show arches and loops, with no whorls 
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or at best a limited number When there are many loops on toes the fingers 
also bear loop patterns The coeffioent of correlation of arch frequencies 
on toes and fingers of the same individuals is 0 50 and for whorls it is 
o 36 (see Chap 11 Association of patterns) 

Bipedal Differences In each of the toes except III whorls are 
more abundant on the left side than on the nght (Table 21) the reverse 
of the bilateral distinction charactenzing fingers (Table i where it wnll 


TABLE at 

Total FRtQUzscrrs Ssfarately >01 Ricnr as^dLept Sides or Arches Loops avd^I horls 

os Toes 



Arcbes 

Loops 

WTjofIs 

R 

L 

R ' 

L 

R ' 

L 

European Amencans (Newman) 

10 0% 

6 0 % 

67 S% 

6j on 1 

22 2% 1 

22 0% 

Germans (Steffens) 

17 t 

SO 6 

9 l 6 

56 p 

90 t 

n 9 

Japanese (Tal;eya) 

17 6 

a6 0 

1 6s e 

57 7 

20 4 

2 0 

Japanese (Hasebe) 

9 4 

U 2 

: ^3 4 

58 6 

n 2 

17 2 


be noted that the dextral excess tn whorls ts at its minimum in finger III) 
Tibial loops likewise are more frequent on left toes indicating a reversal 
of the trend noted in radial (oops of the fingers Arches are more frequent 
on left toes but in this instance the trend agrees with that observed in 
fingers where only the index finger presents a higher frequency on the 
nght side but the excess is very slight Bilaterally different trends of the 
mam pattern types are expressed also in their total frequenaes Though 
only European stocks and Japanese are represented in the data of table 21 
the likeness of results of bilateral companson suggests that the trends 
are a common human characteristic 

Pattern CoimiNAXioNS Pattern combinations m indmduals may be 
treated by the manuar method of Poll The significant trends are 
evidenced both in the unipedar and bipedar the latter alone being 
illustrated (Fig 97) 

Two points of speaal interest appear in the bipedar (a) Unlike the 
case m fingers individuals presenting five arches and five whorls do occur 
Two individuals m Takeya s senes of 1000 present this combination It 
will be recalled that the combination has not been recorded m fingers 
though on mathematical grounds it might be predicted in two individuals 
of about 500 000 if the assortment were determined by chance alone 
(b) The fields of the b pedar assigned to combinations of 9 whorls and of 
10 whorls are vacant and it is possible that they would remain unfilled 
even in a much larger senes Toe V has so low an inadence of whorls and 
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arches are generally so frequent m toes, that the combination in\ olving 
ten whorls may be in the same category of ranty as the combination of 
five Vihorls and fi^e arches in fingers 

Pattern Form Even in the absence of quantitative determinations, 
certain general statements may be made about the shape and general 
character of toe patterns In toes patterns tend to be broader, or less 
highly vaulted, and smaller than m fingers (118) Loops in toes tend 
to be perpendicular to the proTimal ndges of the pattern area contrasting 
with the more general slant of loops m fingers The erect looped pattern 
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area may be sharply marked off from the transversely coursing ndges 
at its base (119) 

Quantitative Value Inspection alone indicates that toe patterns 
tend to be smaller than finger patterns This is borne out in the ndge 
counts reported by Steffens (Table 22) The data are obtained from 100 
German children, one partner from each of too t^in pairs (though Steffens 
shotvs that the results do not differ when both partners are mefudedj 
The data are of particular importance because quantitative values of 
fingers and toes are determined in the same individuals 

The average ridge count for all fingers in Steffens matcnal is 
14 3 ± o 46, and for all toes, 10 6 ± o 57 Inasmuch as arches are \er> 
frequent m toes and the zero ridge counts of these configurations lower 
the average values, it is important to note that a difference persists when 
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arches are excluded from the determmatioiis. Excluding arches, the figures 
(based upon the whole series of loo twin p^s) are* average count in 
fingers, 15 o ± o 22; average in toes, 12 9 ± o 16 


TABLE a 

Rmce CotwTs (QcAjmrATTVB Vaxvxs) Coupaud ik F»ceis am> Toss 

(Data M iO^Ctmtans^ffam Skeens) 
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t6 6 
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Avenge, lU digits | 


u 
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10 6 i 0 
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The seriations of ridge counts, for all configurations including arches, 
are* 


Fmgers I >IV>V>ni>n 
Toes m> I >n>iv>v 


Slightly different orderings are obtained when loops and whorls are singled 
out, indicating that toe III owes Its large ridge count to whom, when 
loops alone are considered this digit shifts to third place in the list, and 
digit I takes first place as in the hand Toe V retains last place m the list 
as the digit with minimum ridge ojunt, whether all patterns are involved 
or loops or whorls alone are considered Finger V also presents the least 
ridge count of all fingers in the case of whorls 
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ELEMENTS OF FINGER-PRINT 

IDENTIFICATION 


A KNOWN individual is recognized ordinarily at a glance His stocky 
build, ruddj face, stubby nose, Wue eyes light hair, mannerisms 
habits of dress and other qualities are appraised without conscious effort 
Sight recognition is effective because two individuals seldom present 
closely similar total combinationsot such charactenstics notwithstanding 
their likeness in some traits Sight recognition however is not infallible 
Extraordinary resemblance makes for confusion of mdmduaU and 
intentional ^Iter&ttons and changes brought about by ageing or disease 
may lead to lack, of recognition Such lapses in identification usually are 
of little consequence m every-da> We, but an absolute!) reliable means of 
establishing identity is demanded in man> situations 

Saentiiic methods of personal identification onginated about sixty 
years ago when Bertillon devised the system which bears his name 
He revised the inexact descnptjve methods previously emplo>ed in cnmi 
nal identification and proposed the use of eleven body measurements 
As a systematic method adapted to the needs of agencies of law enforce 
ment, the Bertillon procedure is naturally more reliable than sight recog 
nition Measurements lend themselves to classification classification 
being requisite for ready search of the filed records essential in systematic 
personal identification The Bertillon system cumbersome and often 
fallible, was gradually superseded by the immeasurably superior method 
of finger print identification, which is now employed universally for the 
registration of criminals and increasingly for various civil and militar> 
purposes 

Finger prints are ideally suited to the needs of an identification system 
Their characteristics are permanent as well as classifiable for filing under 
headings which may be subdivided without limit The classified finger 
pnnts of an individual afford means to determine quick!) if that person 
has been previously entered in Che tdcnCtfication file, the search in (he 
file IS directed by finger pnnt characteristics alone, without reference to 
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Dame or other data that might be falsified If present in the file, the finger 
print card will reveal the identity as well as the recorded pnor history 
Finger prints have the additional advantage, m cnminal investigation 
of being impressed in the touching and handling of objects so that a 
person maVes unwittingly an identifiable record of himself 

The world s greatest file of finger pnnts is that of the Federal Bureau 
of In\estigation which functions as a central clcanng house of identifica 
tion records From pohce agenQes throughout the United States duplicate 
finger print cards arc sent to the Bureau Additionally, there is an inter 
national exchange of cards which (m January, 1941) embraces 89 foreign 
countries, territories and possessions The Law Enforcement Bulletin, 
published monthly by this organization, came$ numerous reports of 
identifications established through its (acdities Identifications obviously 
can be made only if the finger pnnts are on file At present the persons 
so identifiable are largely those with comma! records but there is gratify¬ 
ing increase m the filing of cards of law abiding atizens 

The Argentine Republic ba$ made greater advance in promoting 
avilian finger pnnting than any other nation Starting with the printing 
of apphcants for appointment to the poli^ force^ m 1891, compulsory 
registration has been gradually extended to include employees of banks 
and of the postal $>stetn, students on matriculation, electoral offiaals, 
government employees, immigrants, domestic servants, chaufteurs and 
taxi drivers some classes of tradesmen, and members of all the regulated 
professions—lacluding physicians and dentists Finger print cards repre 
sentmg about half of the national population are now on file at Buenos 
Aires 

Though special mention is made of finger pnnts, the pnnapks which 
hold true for them apply also to palms soles and toes Dermatoglyphics 
of these areas are equally permanent and individually vanable They 
are dassifiable m the same general manner, though descnptive classifica 
tion calls for adjustments to the morphological peculiarities of these 
regions In the case of palms (79 So 90,91, 94 96) and soles (79) several 
schemes have been devised, some of them being m routine use 

Chance pnnts of toes, palms and soles are presented occasionally in 
evidence of personal identity The nature of this evidence is in all respects 
comparable to the finger pnnt and the qualified finger print expert is 
competent to deal with it (124) 

CLASSXFlCA'nOK AND FILING 

Classification of finger prints provides for orderly placing of 
finger pnnt cards in a file With ^tematic filing of an onginal card 
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any subsequent card of that individual faiU in the same section of the 
file, and a search of the section quickly yields the earher record Classifica 
tion may be extended as far as the si^e of the finger print collection 
warrants In a small file only the more comprehensive classes are separated, 
the larger the collection, the more subdivision is necessarj Each section 
in the file, whether devoted to a comprehensive class or to one of the sub 
divisions will contain a number of cards Thus the final step in searching 
for a pnor record of an individual involves inspection of a group of cards 
having the same filing formula, for comparison of finger pnnt character 
istics which are not differentiated by that formula 

In primary classification of ten finger sets under the Henry system 
the digits are considered m “pairs ’ The consecutively numbered squares 
of the standard finger print card (Fig 41) indicate the order m which the 
pairs are composed, beginning with the nght thumb and the right index 
The five pairs are numbered m order as indicated below The pairs are 

wntten in the form of fractions with the even numbered member of the 

pair placed m the position of numerator 

Pair I Pair 7 Pair 3 Pair 4 Pair 5 

(a) R index (4) R ring (6) L thumb (8) L middle (xo) L little 

(i) R thumb (3) R middle (5) R little {7) L index (9) L nng 

This fractional notation ts important m constructing the primary classifica 
Uon formula, which is derived from numerical values assigned only to 
whorls (inclusive sense—thus including all patterns with two or more 
tnradn) Arches and loops (1 e, patterns with no tnradius or but one) 
have zero values The presence of a whorl determines a numerical \’alue 
for each digit of the ten finger set The numerical value assigned to a 
whorl depends on the pair to which the digit bearing it belongs, but is the 
same whether the digit occupies the piosition of numerator or denonunator 

Pair I Pair 2 Pair 3 Pair 4 Pair 5 

x6 8 4 2 I 

Eutenng these values in the fractional notation, a finger print set m 
which all patterns are whorls would appear 

Pair 1 Pair 2 Pair 3 Pair 4 Pair 5 

H M M H 

Another set, with whorls in both thumbs and both nng fingers, but in 
these digits only 

Pair I Pair 2 Pair 3 Pair 4 Pair 5 

He H % 55 H 
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To obtain tbe classification fomiuIa» the numerators of the fi\e pairs 
and the five denominators are added separately These sums, m the first 
example, are ^>^1, and id the second ^^7 Early m the history of finger 
pnnt identification an expedient m the filing system was adopted to 
compensate for sets m which all patterns have o values the addition 
of I to the numerator and 1 to the denominator Accordingly a finger 
pnnt set in which there are no whorls will have the pnmary classification 
number rather than and the two examples become ^5^2 and 
respectively 

The senes of numbers selected for the values of whorls in the different 
pairs form a progression m which the >aluc for an> one pair is twice the 
value of the succeeding pair One advantage of this geometnc progression 
IS that the classification number may be decoded Practical finger pnnt 
workers, familiar as they are with classification numbers, rccogmze the 
distributions of finger pnni patterns without decoding The decoding 
may be illustrated by the second example, where the classification number 
IS The fraction first is reduced to its onginal value, (by sub 
tracting^i) There is no pair m which the value for one whorl is 12 Since 
the only possible combination which yields 121$ 8 and 4 (assigned respec 
twely to paus a and 3), it is clear that the nght nng finger and left thumb 
bear whorls and that other digits in numerator positions have no whorls 
The denominator, 17, breaks down into 16 and i,witb no other possibilities 
The value 16m denominator position stands fora whorl in the nght thumb 
and the remainder, 1, indicates a whorl in the left nng finger 

The 1024 combinations of numerator and denominator, each ranging 
from I through 33, serve as primary divisions m the file In the fihng 
cabinet the finger pnnt cards are arranged in the sequences of this numen 
cal dassificaticm Thirty two divisions are first separated by the sequence 
of denominators then each of these is divided into 32 parts by the sequence 
of numerators All cards classified as arc filed m the first section This 
section IS followed by the group of cards classified as and this group by 
and onward in the sequence of the numeratoTS through The 
next pnmary division, beginning with continues through and 

the next following division would cany the cards indexed from through 

—and so on through 

IC wtA' be cvrdcGt thst (he ^ pnxfi iht 

pnmary division of the file is as preasely determined as the location of a 
word in the dictionary The search for a finger pnnt card m a pnmary 
division of a file if it were not subdivided might be compared to hunting 
for a word m a jumbled dictionary where the only grouping is by initial 
letters The searcher m a fingerprint file finds m a pnmary division a 
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large number of cards which must be examined individually to determine 
whether there is a finger pnnt set ideutical mth that of a person vihose 
prints have been made Such searching is minimized b> secondary 
classification 

The sccondar> classification breaks the primary divisions into sub 
classes Unless a file is very small this subdivision is necessary since the 
number of cards falling m some primary divisions becomes so large that 
It IS impracticable to inspect them all at each search through the file 
The primary division for example would contain about *5% of the 
total number of cards in a collection One kind of secondary classification 
IS based upon the pattern types of the index fingers arches tented arches 
ulnar loops radial loops The occurrence of a plain arch a tented arch 
or a radial loop on an) digit other than the index also is recorded These 
pattern types symbohired by initial letters of their names are entered 
in the classification formula in numerator denominator form right hand 
m the numerator and left hand in the denominator Using capital initials 
for the index finger small letters for the other digits and adhering to a 
standard sequence of notation the divisions of the pnmary classifications 
are thus arranged for systematic filing 

More subordinate divisions are made using the ndge counts of loops 
and the ndge tracings of whorls The technology of classification involves 
much detail pertinent only in works designed as manuals for the identifica 
tion worker 

Single finger print classifications have been devised for dealing with 
chance prints found at the scene of crime Only in exceptional arcum 
stances does the standard ten finger fihng s)stem aid in the identification 
of a chance print as when there are grounds for suspecting a particular 
person whose filed finger prints may be then compared with the chance 
pnnt Single finger pnnts like complete finger pnnt sets are classifiable 
The classification is necessanly earned beyond that required for ten digit 
sets taking into account the more minute features of the pnnt Manuals 
designed for the identification worker may be consulted for details of 
method (43 49 66) 

Individualitv of the Finger Print 

Routine finger pnnt identification is practicable because finger pnnts 
lend themselves to classification The validity of identifications estabhshed 
by finger pnnts rests on two cardinal facts (a) The patterns and the 
characteristics of single ndges are permanently fixed Except for enlarge 
ment m the course of bodily growth there is no change m the ndge char 
actenstics of a finger pattern throughout the lifetime of the individual 
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haustnely, without encountenng a single case of duplication The possi 
bility of duplication is put to severe test in these twins, for the two mem 
hers of the pair ha\e the same inheritance In spite of the control bj the 
same genetic factors, their finger pnnt characteristics are never identical 
and at best there is merely a dose resemblance (Fig 144) 

It IS a familiar observation that the structures of plants and animals 
are widely variable Corresponding parts of the same speacs may seem 
to present little or no difference if the inspection is merely casual But 
many unhkcnesscs become apparent if the objects are examined closely, 
and the number 0! differences increases as attention is directed to more 
and more minute characters The philosopher Leibniz contended, as 
have many others before and after him, that there are never m nature 
two beings which are exactly abke, and in wbch it is not possible to find 
a difference ’ Thomas de Quincey relates that Lcibmz w as once explaining 
the matter to a royal personage, to give point he turned to a gentleman 
m attendance with a challenge to produ^ from any tree or shrub two 
leaves duplicating each other in venation The challenge was accepted— 
but the duplicate leaves could not be found As with leaves, so it 1$ with 
finger prints The London newspaper, Nr^s of iht Worlds was quite safe 
when m 1939 it offered a pnze of £tooo to the person having a finger pnnt 
identical with any one of a senes of pnnts pubhshed for the contest 
The unique character of ever) biological aggregate—a single leaf, a 
finger print/an ear of corn, the stnped pattern of a sebra—has been 
recognized m the axiom, * Nature never repeats \\ ithout questioning 
the intended meaning of this axiom, the suggestion might be offered that 
It read "Nature never repeats exactly " If nature did not repeat at all 
there would be no multiples of the same class—trees and men, whorls 
and loops, and indeed no universe of fingers to bear whorls and loops 
Such repetition, however, is coufioed to the general molds of things and 
in the last analysis of detail ** Nature does not repeat 

In spite of diligent search, an instance of duphcation of two finger 
pnnts never has been found This is not unexpected in view of the operation 
of the law of simple probabihty, or chance The occurrence of minutiae at 
specific points is governed at least in large part by developmental processes 
which yield random results Accordingly, the presence and locations of 
forks, ends and other ndge details may be considered from the same 
mathematical approach which applies for example to the chance of 
throwing a particular face of a die, or the head of a com To some degree 
finger pnnt minutiae are subject to control through inhentance (Chaps 
12 14) but even the maximum possible "loading” by inhentance is 
insuffiaent to counteract the random production of these details 



FINGER PRINT IDENTIFICATION I5I 

Pearl* refers to the tossing of a com as classical event' because this 
act has been so frequently used m the discussion of probability Follomng 
tradition, the same example may be chosen here Imagine first the random 
tossing of a penny Because the coin is a thin disc it is bound not to stand 
on edge after an ordinary toss This much is certainty but no one can be 
certain of throwng a head, or a tail The face ^hich lies upward after the 
throw may be either head or tail and that each has an equal chance m the 
result can be determined by tnal If the coin is tossed many times, it 
wQI be found that equal numbers of heads and tails ha\e appeared and 
that no toss can influence the result of an> other The chance of a head, 
or a tail, may be expressed as the fraction ^^Hcad has one m two 
chances and *'tail" has one in two 

Having dealt with this problem in its simplest terms with the toss 
of one penny, the chance involved with the use of two pennies is next to 
be considered At the toss each com has an equal chance of failing head up 
What IS the chance of heads for both pennies? Of the three possibilities— 
two heads, one bead and one tail and two tails-^there is one chance m 
four that two heads will appear The mathematical formula for deter 
mining this result is simple Knowing the chance involved in each of the 
two events the probability of their occurring together is the product of 
these two chances H X H ^ H On this same principle, the chance 
of all heads in the toss of any number of pennies may be calculated If 
there were 25 pennies the chance of falling all heads is H raised to the 
aStli power, or t/35,554 43} 

The chance of all heads in a toss of t$ pennies is small but an enormous 
reduction of the chance of obtaining a prescribed result would be intro 
duced by imposing specific restrictions Assume that the coins are marked 
for identification, each of them with a different letter and that the floor 
on which they are tossed is laid oH in 25 squares corresponding!) lettered 
Postulating that mechanical provisions for the toss insure that one com 
he m each of the squares what is the chance that each com will fall 
head up within the square corresponding to its identif>ing mark? The 
judgment of common sense is that the chance must be exceedingly small, 
It may be calculated by the formula previously used The chance of one 
com lying head up within its proper square is the product of the chances 
of these two independent events, namelj ^ X = Mo The chance 
that all 2$ coins satisfy this requirement is *50 raised to the 25th power or 

__1_ 

2,9 80,232,238,760,531,2^0,000 000,000 000,000,000,000,000 

*lntrodu<it^ h iredH<U Bi(m€try and Statutes jrdediUon Philadelphia W B Saundfn 
Co 1940 
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The chance of the occurrence is therefore so infinitesiinally that 
from a practical \7cw it may be completely disregarded 

Probability or chance is subject to expenracntal proof in applications 
such as com tossing Though this experimental proof is feasible onl> in the 
higher brackets of chance the correspondence of computed expectation 
and actual result is a comforting sign that the same law holds when the 
chance is loT^ered through increase m the number of items that must be 
satisfied 

The accelerated dimmution of chance with progressive increase of the 
number of coins fulfilling the double requirement of head and l}ing 
in proper square is hardly appreaated unless one actually sets down the 
numbers There are good odds that one of the coins will conform to require 
ment the chance being Ho The chance that two wiU confonn sinks to 
i/a 500 for each additional cooformiog com the chance is only Ho <^f 
the preceding thus 3 coins 1/125000 4 coins 1/6250000 5 corns 
1/312500000 6 coins 1/15625000000 etc 

How does this apply to the individuahty of a finger pnnt^ In brief 
the concatenation of speofie ndge details existing m the finger pnnt 
example cho^n may be likened to a successful result in the tossing of the 
25 coma In the finger print the result is already in existence having 
been brought about during the period of differentiation of the skin ridges 
several months before the person was bom The cogent question 1$ whether 
an identical result ev*er might be realized m some other finger The prac 
tical answer to this question 1$ m 

The occurrence of a particular ndge detail in a particular place is not 
a stnclly random event but that the element of randomness plays the 
chief rfile in produnng it is evident b> the differences which occur m 
identical twins Inheritance is the factor which may influence random 
ness but even m two individuab having the ^ame inheritance the com 
binations of details arc widely different For treatment of chance in 
reference to finger pnnt details it seems safe to appl> the usual computa 
tion for the concurrence of random events only remembenng that m 
closely related individuals the chance is increased The increase however 
can not be mathematically corrected The only correction which is 
av*at]able is to set the chance of duplication of the single items at a figure 
which IS undoubtedly much hi^er than actualit> 

Only to a limited extent would it be poss ble to determine the actual 
frequenaes of the finger pnnt charactcnstics The pattern used in this 
discussion IS an ulnar loop Ulnar loops are common as instanced by their 
64% occurrence in the Scotland \ntd senes (Table i) Disregarding the 
varying frequenaes of ulnar loops on different digits there is thus a 
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mathematical chance of i/i 6 ± that two prints from different digits might 
both be ulnar loops The pattern m question is an ulnar loop having a 
count of 11 ndges, and if this feature be also taken into account the chance 
of duplication of the two characters (pattern type and ndge count) is 
much smaller Roscher’s data (75) on ndge counts of 3000 ulnar loops 
show only 154 having counts of ii ndges Still ignoring unlikenesses 
among different digits^ there is a chance of 1/19 5 that two randomly 
chosen ulnar loops would have counts of ii ndges Employing the usual 
mathematical formula, the chance of concurrence of this particular 
pattern type and ndge count m two fingers is 

— 

16 195 31 

There are no data on the frequenaes of specific minutiae occupying 
specific positions m patterns Balthazard and others discuss the chance of 
duplication of two prints on the basis of a probability of repetition of a 
single detail This figure exaggerates the chance of coincidence Wentworth 
and Wilder (79) point cut that the real probability would be closer to 
H09 Of even Hoo Avoiding both undue exaggeration of chance and the 
possibility of minimizing it through the use of too low a value, ne may 
choose working figure If each of the as details indicated m figure 

9$ might be duplicated by chance 10 a pattern of another finger the 
mathematical setup for the chance of duplicating the entire senes of 
details IS exactly that which appbes to the problem of tossing the a 5 coins 
onto 25 squares, the requirement being that each com fall bead up within 
the square having its own letter That chance as shown above is expressed 
in a fracUon in which the numerator is one and the denominator is a 
number having 43 places I 

It must be realized that numerous details are available in a finger print 
companson Twenty five are selected in the example discussed, but the 
number present in one print often reaches a much higher figure, 60, 80 or 
100 Another arcumstance deserving emphasis is that negati%e char 
acttnstics are not included in the enumeration, the lack of an inleiruption 
or fork m an extent of a ndge (c g, the w bole length of ndge D in figure 98) 
IS a feature which is just as important in the mathematics of chance as the 
presence and positions of particular minutiae The mathematical chance 
of duplication is therefore even smaller than the figure ated abo^e E\en 
if only pattern type and ndge count are considered in addition to the 25 
minutiae, the chance is reduced 31 tim^, each ndge detail added to the 
senes would reduce the chance by 50 times The chance of duplication of 
this finger pnnt is therefore so extremely small that common sense rejects 
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as fantastic the idea of an actual realization The mathematical treatment 
IS perforce used m evaluating the chance It is unfortunate that this 
approach carnes the implication that a complete correspondence of two 
patterns might occur, when as a matter of fact the mathematical reasoning 
merelj supplements observations indicating that such dupbcation is 
beyond the range of possibihty Under the circumstances it is impossible 
to ofler decisive prooj that no two fingers bear identical patterns but the 
facts in hand demonstrate the soundness of the working pnnaple that 
prints from tdo dx^trtnl fingers never are identical ^ 

\\e are reminded m this connection of the distinguished saentist 
Carl Ernst von Baer, 1792-1876, who m his eightieth year declared his 
conviction that he might not die The reasoning upon which he based 
that opinion was Thus far, all human beings eventually have died The 
saying 'All men must die* goes too far, actually it should only claim ‘All 
men so far have died ' Even so, the statement is based only upon an ezpe 
nence to which there might be exceptions The claimant for actually of 
duplication of patterns on two different fingers would take a position 
about as defensible as that of von Baer on exceptions to the law of uior 
tabty To be sure» a defendant before a court of law might argue the 
possibility of duplication of finger prints It might be claimed that an 
incriminating chance print, shown in expert testimony to be identical 
with one from a finger of the defendant^ is in tn h that of another man 
The advocate for the defense hails the coinodence as the realization of an 
occurrence predicted by mathematics' Such a claim, instead of demon 
strating that pnn^^rom two different fingers are duplicates proves the 
weakness of a defend w^ch must resort to patent misrepresentation of the 
attitude of saence 

Workers fainihar with finger pnnt minutiae all affirm that there are 
no two duplicate pnnts of different fingers They recognize many quabties 
other than the mere occirfrcnccs of details The minutiae hke total 
patterns, have individuabty The intenuption between two ndge ends 
may be short or long the ndges may or may not deviate m direction as 


* There is ds eiteosire Utenture on the plulosopby xA proof u Jt reUtes to questxon5 »uch 

u that here concerned with individualfty of a finger pnnt. Tkt ProbUm of ProeJ b) Albert S 
Osborn (2nd ed Newark The Essex Press 1926) presen Is an excellent discussion of the caoons 
of proof ID legal applications though the problems are illustrated* especially by dlspute<f dbcu 
ments the general arguments (see espeoaOy his Chap 95} and references to the bterature are 
equally pertinent to the issue of finger pnnt proof The tenets and history of the theory of 
probability are succinctly outlined by Flonan Caym in his A IStstory oj (sod ed, 

New \ork. The Macmillan Co, 1931) 

* From A. Ecker, too Jahrs ttner /rrtAwrgfr PjffasortnJamtStx 1SS6—Quoted by E 
Stemplmger, V cn hffuhmUn AnUn R> Xiper Sr Co, >93^ 
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they terminate, bifurcations exhibit varying spreads, and many similar 
individual distinctions of minutiae occur 

When all these finer qualities arc appreciated, it is not surprising that 
identifications of individuals are possible when only partial prints are 
available Some chance prints contain a bmited number of ndge details, 
the impressions being fragmentary Authorities agree that demonstration 
of 12 correspondences o! minutiae (and of course no discordances) proves 
that two prints originate from the same finger Others are willing to go 
further, holding that in some arcumstances correspondence of six or eight 
points establishes a positive identification (79) In the routine of identifica 
tion, there is naturally no question of the possibility of duplication 
since prints of all ten fingers are available for comparison with a new 
finger print set The individual distinctiveness of the complete finger print 
set IS expressed in the combination of the various pattern types, ndge 
counts, pattern form and other conspicuous features as well as m the 
complex of details in each pnnt 
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Ridged Skin 


T 


HE ridged skin of palmar and plantar surfaces is often termed 
“fnction skin * Its structural speQali2atiDn is adapted to locomotion 

grasping and the reception of tactile stimuli This 
speoaltialion characterizes all primates (prosimians 
monkeys apes and man) and it occurs sporadically 
in some other groups of mammals The present 




Fig 99 —Left bod toot 
of tbe field moute Mi 
crotus (From TVktfifiU) 


Ttc i«o—Rght 
fore footof fbesqotrrd 
Sciu»9 Tulgant (From 
Ktddy 



Fig lOi —Right fore 
foot of the hedgehog £n 
nacrus europaeos (From 
Kidd) 


chapter surve>s the occurrence of ndgedsbn and its configurations m the 
whole class of mammals 

Dibtribtjtion among MAiOtAis Quadrupedal animals character 

istically have no dermatoglyphics Part of the under surface of the paw 
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of the cat or dog, for example, is hairy, though the foot pads are bare, 
ndges do not occur The pads serve as cushions in walking, and the 
absence of hair on them is an adaptation to the walking function \Vhen 
dermatoglyphic specialization does occur in quadrupedal mammals, it is 
apparently associated with prehensile use of the members At any rate, 
the speaalization is hnked with function rather than with the place of the 
animal in the systematic classification 



Pic ioa~**Forc foot (it) aad bicd foot (B) of the tree shrew Tupa a laccmata lacemata 

The field mouse (Fig 99) typical of gencrabzed rodents, possesses 
prominent walking pad^ which do not bear dermatoglyphics Another 
rodent, the common squirrel (Fig 100), has ndges partially covering some 
of the pads Inseclivores also are diverse with respect to the presence of 
dermatoglyphics, which in this group are at best only incompletely 
developed Both the hedgehog (Fig loi) and tree shrew (Fig 102) possess 
patches of ndged skin, but the arrangements of ndges are quite different 
in the^e two insectivores Most carnivores lack dermatoglyphics, though 
m some forms the de>'elopment of ndged skin is fairly advanced, as m the 
arboreal kinkajou of South Amcnca (Fig X03) The marsupials are widely 
\ an able Some marsupials ba\e no dermatogliphics and others, hke 
Tarsipes, display ndges o%er the pads, Marmos^ (Fig 204} has more 
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extensive ndged skin, and in Phalanger (Fig 105) the sole is completely 
covered vnth ridges No pnmatelacksat least some ndge bearing areas but 
the members of the group vary widely in the extent of the specialization 
Origin op Ridges Epidermal ndges are modified scales primitively 
imbncated in arrangement Each scale is associated with one hair or a 
hair group, and a s^ezt gland In the evolution of fnction skin the hairs 
disappear, and scales aggregate into ndges The story of this evolution 
15 traced bj Whipple, from whose work the following digest is extracted 

Among mammals other than pn 
mates there is considerable \anation in 
the intimate structure of epidermal 
ndges, both as evidenced on the skin 
surface and in histological organiaation 
Only the conditions in pnmatcs are to 
be menttoned Frosimians, the lowest 
pnmate group, afford a good illustra 
tion of progressive stages of ndge forma** 
tion The prosimiaos, unlike man apes 
and the ma)cnty of monkeys, exhibit 
large areas in which ndge foimation is 
incoroplett The pads bear fully devel 
oped ndges, other regions displaying 
structures designated by Whipple as 
epidermal “warts and epidermal 
“rings’* 

The probable evolutionary steps in 
ndge formation, as seen in the lemur 
are illustrated in figure 106 The mcom 
plete ndges are represented by minute 
elevations, warts (islands), each bearing 
ID its center the orifice of a sweat gland duct Epidermal nngs are annular 
conglomerates of such warts The larger nogs are elongated in the same 
directions as the neighboring ndges Continuous long ndges would result 
from fission of the extreiniUes of elongated nngs, followed by end to<nd 
junctions with similarly disjoined elements of nogs Some pnmateslack 
nngs but the warts gather m hues which are “prospective * ndges The 
transition from warts to nngs or from either to long ndges is not to be pic¬ 
tured as a sequence m the developmental history of the individual Instead, 
it IS an expression of an evolutionary process which has been halted m sue 
cessive phases, since ndges devdop in the individual without passing 
through these steps The successive pore beanng segments of a ndge, like 



Pic X03—Left fore foot oT the 
kinka;ou Ccrcolept^a caudivolvvlui 
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Single islands, are morphologically equivalent to warts Even m those 
pnmates where ndges are continuously developed over the whole palmar 
and plantar surfaces the zones of junction between ridged skin and the 
uospecialized skin of the dorsum show transitions from ndges to islands 
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Pic 105 ght h od foot of PhaUnger 
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Pig 106 ^A port on of the d stol palm of m pros mlAn Z^mur (From U hippie ) 


The minutiae of epidermal ndges in non human pnmates are compara 
hie to those in the human hand and foot These details, together with vana 
tions m pattern construction are applicable in individual identification as 
in man Indeed they are put to this use in the chimpanzee colony mam 
tamed by the Yerkes Laboratones of Pnmate Biology, Yale Umscrsity 
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The JIorphologic Pian or Volah Pads and of Conticurational 

Arjeias 

The feel of certain groups of marmnals bear cushion hhc elevations, 
the uaJktng pads or volar pads Ejadennal ndges in some forms are limited 
to these pads Volar pads are the background of a systematic topography 
of configurational areas The pads are subject to considerable vanation, 
evidenced m lowering, expansion and mutual fusion In spite of such 
departures some degree of conformity to the basic morphologic plan of 
volar pads is apparent in all primates That plan is well exemplified in the 



Fio 107 "-'Riglitluiid (X) ^dns 6 tfoot(a)oftlicci^ncxnonK«/ Aotasfotulis torillTUtn 

tjon 0/ ▼olAT pads Tht le^oda of ro$ to cofificuraXtonal areas, are equally 

descnptjTe of the pada 

night monkey, Aotus, which has pads presenting a nearly pnimtne 
arrangement (Fig 107) The plan ol pads is correlated with the topogTaph> 
of configurational areas (Fig 208) 

The terminal segment of each digit bears an aptcal pad, and on palm 
and sole there are pads composing a marginal and a central senes Seien 
of the palmar or plantar pads are included in the marginal senes Of these 
four are the distally placed intcrdtgiicl pads (pads I, II III I\—the 
senes being numbered in accord with the inter digital intervals with which 
they are related) The proximal elements of the marginal senes are a 
dtsUil hypolhenar pad (flO ^nd a proximal kypolhvnar (S^), m the respec- 
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live regions of the ulnar or fibular border, a thenar pad {Th), in the radjal 
or tibial region, which in the sole may be divided into two elements, 
distal thenar {Th^) and proximal Ikenar (Th^) In addition to the seven 
pads above enumerated there are two smaller and less constant com 
ponents of the marginal senes They are accessory pads, adjuncts to 
interdigitals II and IV (designated and IV** in the palm, II* and I\^‘^ in 
the sole—the Roman numerals jdentif3dng their relation to the respecthe 



Pig io8 ^Slorpholog;c pUn ct dermatoelypbict m palm (ittt tole S // 

/// tv M Intefdi^td designated by the mpecuve Dumbeti, IV i% k Seld oecA* 
sioiuUy found on the tAdial iide of It Aod /V* represente a iimOer Accessory feeture in close 
reletion to IV, The elements of the centrel erea ere tert&ed i* end 4 *» emphesmng their 
proximel releticra to the corrcspcnding mterdigite) petteros The hypotbnur ecee ts repre* 
^^ted With seperete distel end proximal components iC* end / 7 ’ The thener (Th), occupying 
the thenar eminence, usueUy is eepereted from the hypothener coofiguretioQ by e definite 
perethener configuration ^Witb the exception of the oetessanly diaerent notations 

of accessory pattema IP end IVI the distal central end hypothener portions of the sole 
correspond to the plan of the palmer dermetoglyphics The thenar temtory occasionally 
presents a separation of distal end proximal elements end TA^) end on the heel a calcar 
pattern (C) occurs occasionally 

iuterdigital pads, and the superscripts giving the initial letters of anatomi¬ 
cal directions) Finally, there are three central pads located in the central 
area of the palm or sole in proxinial relation to inlcrdigilal pads II, III 
and IV centraf pads beingsccoediagly named s^and 4^) 

Proximal to the central pads the palmar or plantar surface is depressed, 
i^presenting the parathenar area (P^ih). The heel region, which is inter¬ 
preted as a prolongation of the hypolhenar zone, is the calcar area (C)- 
Almost never is the full complement of volar pads expressed The 
accessory pads related to interdt^tals II and IV have been observed only 
in the slow Ions, the night monkey and fetal man, though thdr occurrence 
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as reflected m the dermatoglyphics is knotvn to be more widespread 
Central pads likewise are only infrequently present in pnmates The 
major pads of the marginal senes may be variously modified 

The consistent disposition of pads and of such surface irregularities 
as the parathenar area is mamfested in the morphological plan of der 
matoglyphics (Fig io8) The plan of configurational fields is in the main 
a counterpart of the volar rehefs which have been descnbed However a 
speaes which in the adult has vaguely marked pads may present con 
spicuous pads in the fetal penod (Chap lo) The epidermal ndges over 
the surface of a pad may form a pattern, though as in the human palm 
and sole, the pad area often bears an open field Sometimes as in the 
parathenar area, a discrete pattern or open field is assoaated ^tth a 
depression The close correlation between dermatoglyphics and modeling 
of the volar surface reflects the fact that in fetal development the surface 
irregularities and ridge alignments are conditioned by the same factors 
of differential growth (Chap lo) 

Variation in pRiiuiES 

Extent o? Formed Ridges The prosimians, comprising the lowest 
pnmates such as lemur, tarsier, bush bab>, Ions and potto, are vanable 
with regard to the ejctent of ndge formation In the bush baby defimtely 
formed tidges occur only on the pads The slow Ions, m contrast, has the 
palmar and plantar surfaces continuously ndged except m flexion furrows 
and occasionally m the central portion of the palm Other members of the 
group show different degrees of spread of the ndged area 

In monkeys of the New World including marmosets the howler, mght 
monkey, spider monkey and capuchin mookey, there is also considerable 
diversity The night monkey shows the least extensive ndge formation, 
areas other than pad surfaces presenting only islands and very short 
ndges Occasional individuals among marmosets and capuchins exhibit 
incomplete ndge formation in the central portion of the palm or sole and 
tn the proximal extremity of the sole Continuously ndged skin is char 
actenstic in other New World monkeys, in monkeys of the Old World, 
m apes and in man 

Incomplete ndge formation is less extensive and less frequent in the 
foot than in the hand Inasmuch as ndge formation represents an advance 
m structural speaalization, it is evident that m this respect the foot is 
more ad\anced than the hand 

RipcE Breadth in Primates ileasurement of ndge breadth is 
stated indirectly through the count of the number of ndges crossed by a 
i*cm line For the human hand (young adult males), the average count, 
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including the five finger patterns and &\e areas of the palm, is 20 7 It 
has not been possible to make ezhaustne determinations in other primates, 
but the available observations are of interest ^hen compared with findings 
m man 


TABLE 23 

Cot NTS or RxDCEs PER Cektiketer in toe Palmaa Hypot&enar Area is Adult PaniATEs 

Arranged in the Oiner op Iscreasisc IIxkd Lesctbs 
{Only cne spe<im(n of each form tzotpi jskttt a number ti indicaUd fiiuresin thrse instances 

being areragts of iko tndtttdual dderpiinattoiu) 



ffaacf length 
cm 

Rjrfge 

count 

ffancf feoRth X ioq 
Ridge count 

Suemn (squirrel monkey) j 

5 ^ 


17 

Aotus (luglit monkey) 

$ 4 

2S 

39 

Cebus—2 (capuchm monkey) 

7 * 

ai 

34 

Erythiocebus (pRUs monke)} 

S a 

H 

34 

Lemur 

S 5 

36 

9$ 

Cercocebus (mAngabey) 

9 5 

as 

43 

LagoUmi («ooU/ monke)) 

10 $ 

3€» 

3> 

MacACR^a (mAcaque) 

' ? 

« 5 

$9 

Magus (Celebes macaque) 

10 q 

91 

49 

Pygatbni (langur) 

la 0 

99 

60 

Hom^^soo 

10 r 

18 s 

904 

Abuatta (howler monkey) 

io 0 

n 

74 

Fan^j (chimpanzee) 

ao t 

91 3 

pS 

Ponga—4 (orang) 

9b 9 

90 6 

117 


Comparative observ'ations must take hand size mto account since 
ndge breadth in man is loosely correlated with hand sire Table 23 lists 
the determinations in a senes of genera entered in the order of increasing 
hand lengths from about 5 cm in the squirrel monkey and night monkey 
to as much as 24 cm in one of the large apes Companson of the hand 
lengths and ndge counts suggests a trend, even li an irregular one, to^sard 
an inverse relationship between them Three forms (squirrel monkej, 
woolly monkey, hovsler monkey), having hand lengths which compare 
as I 2 4 present ndge counts that arc about equal Then again, forms 
having equal hand lengths maj exhibit quite different ndge counts, as 
sa tie howfer monkey and man These departures from /averse carrehtton 
betTieen hand size and ndge breadth indicate a partial independence of 
the factors which condition ndge breadth 

The foregoing comments concern adults alone For man and chim 
panzee there are observations on both adults and juveniles, so that it is 
possible to state the relationship between hand length and ndge count in 
assoaation with age differences Vanability is here less than that among 





D£tL|£ATOGl.YPaiCS 


164 

adults oi different genera presenting corresponding unliXenesses of hand 
size In the chimpanzee senes the <a>efficjent of vanation of the hand 
length/ndge count index is ra o and m the senes of human individuals 
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having hand lengths equal to those o{ the chimpanzees the coefficient of 
variation is 12 8 In a comparison of thirteen different pnmate genera the 
variation is more than four times as great, with a coefficient of 55 7 


coiirAKAri\E dzumatocxyphics 


This fact strengthens the conclusion that the characteru^tion of a genus 
by distinctive!) fine or coarse ndges is in a measure divorced from the 
factor of hand size 






?ie lit ^Ptlms Md soles of four feaer* of New World tnonkers A 
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Pic xrs —P^ms nod soles of ihrse geoers of Hew World monkeTs A Ateles B Ltgothru 
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Intergenenc vanation m ndgc breadth is confined to a relatively 
narrow range, vrhicb suggests that proper functional perfomance of 
epidermal ndges depends in some way upon rest acted variation in ndge 
breadth 
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The PRonxivE Pattern Vaneties of patterns as emphasized m 
the description of human finger pnnts may be arranged in a senes of 
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transitions between dissimilar types Thus as shown m figure 48 one may 
trace vanous lines of descent from the typical whorl to the simple arch 
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progressne reduction m the size of a whorl and final conversion of the 
pattern area into an arch or degradation of a whorl into a loop and 
regression of that loop into an ardi These steps compose a pictorial 
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sequence which may be read m either direction The whorl may be con 
sidered as degenerating or reading m the opposite direction it may be 
regarded as evolving from the sim{de arch There is of course no real 
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conversion from one coafigutatton type to another since la the £etal 
penod a pattern is formed in its fixed character Nevertheless the senation 
aids m onenting a problem which presents itself in any coniparati\e treat 
ment of configuration t3^s namely the tracing of pattern types from 
an assumed primitive status This problem can not be fiaallv resolved 
but as a working hypothesis the whorl is considered pnmitive 

It IS generally granted that volar pads pnmitivel> serve as cushions 
m walking and that their lowering and loss of outlines are adaptations 
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to prehensile use of the hand and foot Since the shape of a pad is so in 
timately assoaated with the character of its pattern the pads afford an 
indirect approach to the question of the pnmitneness of patterns In 
primates the apparently primitive volar pad is an elevation with a cir 
cumsenbed base and a more or less pointed summit This conformation 
of a pad is devclopmentaBy correlated with the presence of a whorl 
(Chap ii) It may be assumed therefore that the whorl is the pnmitive 
pattern type and that other pattern types are advanced being correlated 
with regressive changes of pads 

Apical CovriouitATXONS Most New \SorId monkeys all Old World 
monkeys and apes (Figs 115 116) present apical patterns which are 
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morphologically comparable to those already described in human fingers 
and toes. These general morpholopcal amilarUies are evident even if the 
observations are limited to a single ^lecimen or only a few specimens 
representing a genus, but owing to limitation of material statistical com¬ 
parisons are possible only in a few genera. The frequencies of pattern types 
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on fingers of chimpanzee (i*g) niay be dted in illustration of the statistical 
comparison that eventually maybe made in other primates. In chimpanzee 
the frequencies are, in round numbers: whorls, 50%; ulnar loops, 40%; 
radial loops, 9%; arches, 2%. The ridge counts of loops in chimpanzee 
average x*.4 ridges, hence pattern sire is comparable in chimpanzee and 
man. These frequencies approrimate the distribution of pattern types 
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in man yet there are several noteworthy pecubanties of the chimpanzee 
patterns (a) \\ horls are more c\cnly distnbuted among the digits (b) 
The whorls are chiefly twin loops lateral pocket loops and accidentals 
Monocentnc whorls form bttle more than one third of the total as com 
pared with the proportion of about four fifths in human fingers The 
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frequenaes of monocentnc and bicentnc whorls in chimpanzee fingers com 
pare closely however with the frequenaes of these types m human toes 
'Tne tA xhimpuioret xA tAz/Ai 

half are monocentnc and the remaining patterns are chiefly fibular loops 
(c) Radial loops in chimpanzee fingers are almost confined to digit I 
contrasting with the characteristic concentration of these patterns on 
digit II in man (d) Probably because of their location on the more ex 
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panded ball of the thumb radial loops m chimpanzee hi\e counts (15 9) 
larger than ulnar loops (e) Arches occur chiefly on finger ^ instead of on 
fingers II and III as m man 

The morphology of apical configurations in prosimians and some New 
World monkeys is dissimilar to that of human patterns Apical configura 
tions of two prosimians and of one New World monkey are illustrated in 
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figure 109 as representatives of such non conformmg patterns In the 
bush baby the central portion of the apical pattern is a scries of longi 
tudmall) aligned ridges enveloped distally and on the sides b> ridges 
forming a looped frame of the pattern area The sjstem of looped ridges 
extends also to the dorsal aspect In lemur the looped frame is shifted 
dorsally and is not evident from the volar aspect Thus m the bush baby 
and lemur the pattern area is so expanded as to encroach onto the digital 



margins The night monkey also shows an expanded pattern area but the 
convergences of ndges distally and proximally indicate more definitely 
the limits of the main pattern area Some authors consider such a sequence 
of patterns as steps in the evolution of the speafic pattern types appeanng 
in higher primates More probably they arc merely assoaates of highl> 
speaahzed pads pads which are flattened and expanded 
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PALiiS ATO Soles In cbAmctemmg palms and soles each genns or 
group IS to be described in terms of general trends All primates display 
individual variations in configurattonal arrangements the magmtude of 
these variations being greatest lu the apes and man The illustrations 
(Figs 110-12 a) are hmited in many cases to one representative palm and 
sole of each genus Numerous illustrations would be required to indicate 
the scope of individual variation 
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Adherence to the basic plant of dermaloglyphics (Fig io8) indicates 
lack of speaaliaation Since no pnmate conforms fully, and since only the 
seven (or in the sole eight) marginally placed configurational areas 
approach any degree of conastenQ' throughout the pnmates major 
emphasis is placed upon these marginal areas In most genera the sole 
presents greater divergenct' from the morphologic plan than does the palm 
The genera of lowest pnmates (prosimians) are diverse (Fig no) 
Of the four genera illustrated, the tarsier deviates conspicuously from the 
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morphologic plan It is the most specialized prosiinian as indicated by 
absence of whorls and infrequency of other true patterns The group ol 
New World monkeys (Figs iji—112) has both pnmitive and advanced 
representatives Some are so pnmitive that they lack complete ndge 
formation over the palm and sole a feature otherwise limited to some 
prosimians The most highly advanced form in this group is the spider 
monkey 
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Departures from the basic plan occurnng in Old World monkeys 
(Fig 113) are almost confined to fusions of the thenar and first mterdigital 
areas The characteristic patterns on all areas are whorls 

In higher pnmates the order of increasing modification of the basic 
planis man (Figs 121 122) orang(Figs 115 ii6) gonl]a(Figs 117 118), 
chimpanzee (Figs 119-120), gibbon (Fig 114) Possibly the positions of 
gorilla and chimpanzee m this list should be transposed 

Proximal and Middle Phalanges In some adult pnmates the 
proximal phalanges bear pads their positions conforming to a consistent 
plan like the mam pads of the palm and sole Inclusion of phalangeal pads 
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m a basic morphologic plan would be justi&ed In the human fetus such 
pads have been noted and since they subside in the course of develop¬ 
ment it IS quite likely that other pnmates which lack pads in the adult 
state may possess them transiently in the fetal period The fairly common 
occurrence of sharply localized configurations on these phalanges fur 
Dishes further proof that such pads had existed in the fetus (Chap lo) 
The dermatogly'phics of middle phalanges indicate that fetal pads might 
occur there also 

Localized patterns are exemplified in the orang (Figs 115-116) where 
there is wide vanabilily in the frequency and xaneties of configurations 
on these segments The occasional paired patterns on the proximal 
phalanges m the orang is of interest in connection with their frequent 
appearance m some other forms the capuchin monkey for example In 
man such patterns rarel> occur and their restnction to the proximal 
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phalanx is m keeping with a higher frequency m other pnmates of patterns 
on proximal phalanges than on nuddle phalanges In most pnmates the 
configurations of the phalanges collectively form slanting systems of 
ndges (Chap 4) 

The proximal and middle phalanges of prosimians usually are devoid 
of ridges and in a few New World monkeys the skin of these regions is 
incompletely ridged 



grtttcr voA co&pWx Xf ^ 

Rcdcc DrR£CTiov The directions of ndges in areas of palm and sole 
which are undisturbed by local patterns vary from longitudinal to 
transverse The trends exhibit no orderly distnbution with regard to the 
systematic classification of pnmates In gibbon and the great apes the 
direction ranges from longitudinal to oblique In chimpanaee )t has been 
shown (i^p) that id spite of the generally longitudinal alignment of palmar 
ndges there is a bimanual distinction equivalent to that of the human 
palm, the tendency being for ndge courses to incline more to the transverse 
direction in nght hands In man the palm presents a combination of 
longitudinal and cUagonal ah^iments, on the sole ndges course trans 
versely or on a slight slant 

^ViIder (loi) records a pair of buman palms (Fig 123) presenting 
remarkable siirulanty to the longituduial configuration observed in apes 
Only one other instance of this singular lelationship is known (291} The 
authors reporting this second case term the condition ‘ orangoid and 
they regard the longitudinal abgnxneat as an atavism In contrast to 
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Wilder’s subject, where the pecubanty distinguishes both hands in the 
second instance only the left palm presents the distmctne longitudinal 
direction, the mam line formulais 1111 

Pattern Intensity The method of pattern intensity descnbed in 
Chapter 4 is applicable m analyzing the configurations of palms and 
soles, though in practice it has been modified with regard to the numerical 
evaluations of configuration types (141) Without entering into the detail 
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of the evaluations, but keeping in mind that higher \alue 5 indicate greater 
number and complexity of patterns two general results are to be men 
tioned (a) The intensity values of palm and sole may be combined as a 
measure of the status of pattern development in a genus The general 
trends are evident in figure J 74 though the values for palm and sole are 
separated It will be noted that the prosimian genera (Tarsius, Nycticcbus, 
Galago Lemur) are widely variable among themselves, and that as a group 
the Old World monkeys (Papio, Yithecus Ccrcocebus, Lasiopyga, Ery 
throcebus, Pygathnx) present the highest values New World monkeys 
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(Oedipomidas Callithnx Alouatta Sainun Aotus Ateles Lagolhnx 
Cebus) have lower values Gibbon (Hylobates) the great apes (Pongo 
Gonlla Pan) and man have still lower pattern intensity Fluctuations of 
pattern intensity are not correlated with the group classification of 
primates though the main trends within a group as in Old World mon 
keys may be consistent (b) In all pnmates except man and Cercocebus 
(the latter being discounted m view of the limited number of hands and 
feet on which the values are based) pattern intensity is higher m the palm 
than in the sole The distinctive position of man is therefore of peculiar 
interest Lessened pattern intensity is regarded as indicating advance in 
specialization hence in man the sole is in this respect less advanced than 
is the palm 

Catoai. Dermatoclyprics The distal portion of the tail in three 
genera of New World monkeys (spider monkey woolly monkey howler) 
bears dermatoglyphjcs The fundamental ndge arrangement 1$ a herring 
bone configuration which may or may not be disturbed by local vestiges 
or patterns (Fig 125) Monkeys which possess caudal dermatoglyphics 
use the tail as if it were a hand--for suspension prehension and explora 
tton It IS therefore evident that the ndged sbn on its ventral sui'face 
would have the same functional significance as palmar or plantar skin in 
preventing slipping and in enhanong tactile sensibihty 

Proiate Afpintties 

By combining all observations of descriptive morphology and pattern 
intensity comparisons of pnmate groups may be made with a view to 
traang affinities among them The following condensed statement of the 
results of such companson is extracted from the summary of a recent 
study by the present authors (141) 

The consideration of affinities among pnmates 15 based upon the 
following premises 

(a) The conditioning of specific dcnnaloglyphic configurations is a 
byproduct rather than an immediate vehicle of the evolutionary 
process The features pnmanly concerned m the evolutionary process 
are the volar pads and other gross qualities of form and relief of the 
TncRvher The dermatoglyphic configurations are reflections of par 
ticular forms and reliefs rf the roemben in their fetal development 

(b) Prominently elevated and orcumscribed volar pads are con 
sidered primitive lowenng of pads and obhtcration of their boundaries 
indicate modification mcidcnt to prehensile use \Vhorls and whorl Lkc 
patterns are associates of the pninitive cond tion of the pads while 
patterns of lesser complexity and open fields accompany states of 
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regression of pads In terms of pattern intensity, higher values thus 
indicate pTitniliveness 

(c) Adherence to the basic plan is a mark of primitiveness and 
degrees of specialiration are indicated by departures from the plan, 
including such variants as suppression of individual configurational 
fields and fusions of neighboring fields 

(d) Approach to equally high pattern intensities of the several con¬ 
figurational fields, singly or grouped as described above, is an indication 
of ptumtiveness Likewise an approach to equality m high total inten¬ 
sity values of the palm and sole is evidence of primitiveness 

(e) Minor degrees of bilateral asymmetry m pattern intensity are 
ranked as primitive, and increase in dextral and sinistral differences 
points to specialization 

Dermatoglyphics are subject to convergences m the evolutionary 
process In marsupials and prosimtans, for example, the dermatoglyph 
ICS cover a range of variation which may be compared closely to that 
of New World monkeys, and what is more to the point, the specific 
trends of variation comprised m any one of these groups arc closely 
matched m the others 

The tracmg of afitnities is complicated by the apparent independ 
ence of the structural expressions which give measures of priraitiveness 
and specialization The different criteru lead to different orders of 
resemblance and unlikeness among the forms compared The divergent 
results are summated, however, m arriving at judgments of 
relationship 

The prosiRuans are heterogeneous, it should be noted that the 
derma toglyphics contraindicate sunian origin from a tarsier like stem 
Old World monkeys, with the exception of langur, exhibit least 
specialization of derma toglyphics, m respect to expanse and character 
of patterns, they have even exaggerated signs of primitiveness The 
resemblance of langur to some New World monkeys is closer than to 
other Old World monkeys The New World monkeys are diverse The 
most primitive members are the night monkey and marmoset like 
monkeys, the most specialized being the spider monkey The squirrel 
monkey and capuchin are neither so primitive as the night monkey and 
marmoset like forms nor so spcaalized as the woolly monkey and 
howler Gibbon is the most specialized simian The three great apes 
and man present specializations which follow different directions tVhile 
these divergent specializations render comparison difficult, the order of 
increasing specialization indicated by the pooled evidence is ©rang, 
gorilla or chimpanzee, mam Especially m adherence to the basic plan 
of configurations, man is even more pnmiU>^ than orang, inasmuch as 
that plan is so fundamental a characteristic, it is concluded that man 
stemmed from an ancestral stock more pnraiUve than any recent ape, 
havmg dermatoglyphic traits more dosely allied to those of monkeys 
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B road understanding of ite derma(oglyplitcs in human beings can 
be gained only ^ith knowledge of their phylogenetic and ontogenetic 
history The phylogenetic history»traced through comparative anatomy, 
IS outlined m Chapter 9 In presenting the ontogenetic history, or em 
bryology, volar pads call for first attention Volar pads are significant both 
in connection with the morphologic plan of dermaloglyphics and as a 
correlate of individual \anation Tbe fetal development of these pads 
parallels tbeir phylogenetic history The diflerentiation of epidermal ndges 
will be traced from a period m which the epidermis is thm and smocthi 
and the factors responsible for production of patterns vestiges and open 
fields also will receive attention Except for several references to pads in 
other pnmatesj the chapter t$ confined to human embryology 

Volar Pads 

Hand The volar pads (159) first to appear f^econd^ third and fourth 
in ter digitals) are evident at about tbe sixth ^eek of development At this 
time the hand is still paddle like and» though tbe five digital rays are 
indicated, tbe free portions of digits are only broad scallops of the distal 
border At the dose of tbe second month, when the total length of the 
fetus IS about 2 5 cm , the digits arc elongated and separate The pads of 
palm and fingers are evident as localized bulges, conforming in their 
placement to the morphologic plan which has been desenbed Dunng the 
ensuing four weeks the pads become wore rounded and individualized 
(Fig 126) Beginning at about tbe thirteenth week, when the fetus meas 
ures about 7 cm from crown to rump, regression of pads is apparent 

Some pads, notably the thenar and hypothenar, are precoaous m their 
mvoluUon 

The central area of the palm is at first bulged, but the region soon 
becomes depressed Scattered nodules of thickened epidermis appear 
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within this sunken area These nodules are transient, and if they are cor¬ 
rectly interpreted as vestigial hair follicles, their occurrence, like the 
development of conspicuous pads, is an example of recapitulation Other 
recapitulations of primitive conditions, superseded m later development, 
are noted in the brief appearance of secondary pads on basal phalanges and 
of accessorj'^ pads associated with the second and fourth interdigitals 
AH fetuses develop pads in conformity to the morphologic plan There 
is considerable variation in the time relations of the appearance and 
regression of pads This variation is evident in corresponding pads of 
different fetuses and of right and left bands of the same fetus, as well as 
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among the several pads of the same hand There are variations also of 
contours, of the amount of elevation and shape of mdmdual pads, and of 
dehmtion of boundaries at their bases 

Foot The statements made in reference to the hand apply to the foot 
asTsell(Fig 126), with the following qualifications (159) Pads of the sole 
are in general more expansive than their homologues in the palm They 
develop later and regress later, the onset of general regression being 
delayed about two weeks as compared to the hand 

Comparative Relationsiiips Pads in the human fetus, at first 
conspicuously elevated and definitely bounded, undergo involution (The 
reader might compare his own hand with that of the ten-weeks fetus, 
figure 126.) This Hstory points to an affinity of nian vnth forms in which 
pads are permanently retained in full development Monkeys of the Old 
World have prominent pads, but even vrithin this group the pads of the 
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adult ammal may be relatively lower than m their fetal state (146) In 
adult great apes the elevation and definition of pads are comparable to 
conditions in man In gibbon^ pads are even less developed than in man 
It may be assumed that the pads of all these higher pnmates pass through 
a succession of fetal stages similar to those actually traced in man and 
the rhesus monkey There is a positive correlation between pattern mten 
sity and the state of pad development, though in pnmates whose pads 
regress only alter the dermaloglyphics are differentiated there may be 
lapses m this correlation 

Ridges 

Differentiation of epidermal ndges has been investigated especially m 
fingers (xS3’*s6) and in palms (165) Except for a casual reference to 
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regional differences m the chronology of ndge formation, the following 
account is confined to fingers 

The cntical stages of differentiatioD occur m the third and fourth 
fetal months, though ndges are not elevated on the skin surface until 
about the eighteenth week The fetal epidermis is at first a thin layer, 
smooth both on the exposed and deep surfaces Through continued cellular 
proliferation the epidermis becomes gradually thicker and the papillary 
modeling of epidermis and denrus is attained (Fig 39) This process is not 
umfonnly advanced over the volar surfaces, nor is it uniform even on the 
ball of one finger The fingers arc the most precoaous areas m the differ 
entiation of epidermal ndges, while the ^le is the most delajed Until the 
differentiation is complete over all areas, the lag of the foot is apparent 
(Fig 127) 

In a finger, the first region ordinanly presenting papilla like folds of 
the deep epidermis is the central portion of the apical pad Subsequently an 



EMBK\OLOG\ 


i8i 


independent area of papillary gro^^th arises in the distal and lateral 
periphery of the finger ball, and another area appears in its proximal 
region (Fig 128 A) From these foa ndge differentiation extends pro¬ 
gressively until the systems meet Less fre 
quenlly, differentiation may be completed 
by extension from a single focus centered 
on the finger ball (Fig i 28 »B) External 
pressure on the finger may modify the pro 



gress of epidermal differentiation Bonnevie 
asserts that the ingrowth of digital nerves 
may play a part in initiating the differentia¬ 
tion of ndges and that a blood sinus in the 





finger ball also may influence the process 


Steffens (119) in an attempt to explain the 
a\erage smaller size of loops and the greater 
frequency of arches in toes as compared to 
fingers, does not consider ingrowing digital 
nerves and the blood sinus as likely 
regulatory factors 

Developmental disturbances in existence 


Fig t2S —Progress ve dUler 
cat atton of ndfics on finders of 
Utnsts A D scont nuous dif 
trrentiatson, with a cooler and 
peripheral tones which extend and 
meet B Cost nuous dieferentis 
t on where the process ts completed 
Uy rxtecis on from a emgle center 
OD the apical ball (From Bcnnntf 


during the penod of ndge differentiation may produce imperfect ndges in 


some areas (313) The defect appears as patches of islands and short ridges 
(Fig i2g)f resembling the effects of some forms of injur> to the adult skin 
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Also, though more rarely, the abnonnahty consists of an extreme narrowing 
of ndges m the pattern area (Fig 130) Such disturbances may occur in anj 
region of the dermatoglyphics In affected cases the faulty ndge formation 
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occajrs bilaterally In its more severe degrees the defect appears on all ten 
digits of the affected individual^ but in the lesser in\oKements some digits 
may be spared The order of decreasing frequency of the defect in indiMdual 
digits is I (ivhich iie\er is free from defect m the cases studied by Abel)— 
II—III—r\ —^ The expanse of the defective areas follows the same order 
o! diminution Abel holds that there is no intnnsic fault in the tissues con 
cemed, and he interprets the ndge disturbances as the effect of variations 
in tension and pressure within the epidermis The appearance of ndge 
irregulanties m fingers, palms toes and soles of some cases suggests that 
abnormal tension and pressure maj be widespread in the body The 
constitutional aspect of this condition is discussed in Chapter i6 

Since developmental disturbances are 
effective dunng the penod of ndge forma 
tioD, the regional involvement in a finger 
may be correlated with the order of for 
malion of ndges When the factors for 
abnonnahty operate after the imtiatioo 
of ndge development, only th re areas 
not >et active in ndge formation are 
susceptible \Vhen tbe factors operate 
dunng the phase of union of the ongmallj 
isolated areas of ndge formation, the 
defect is localized in the proximal portion 
of tbe pattern area and in the regions of 
tnradu Abel reports that lesser degrees 
of these disturbances occur in so individuals of his senes of 4000 cnminals 
the more pronounced degrees being even less common 

Factors which Conditiov Align mtxt of Ridges 

Epidermal ndges differentiate in tbeir definitive character That is to 
say, from the very first appearance of ndges the minutiae and coofigura 
tional arrangements are in their permanent form The factors determining 
ndge alignments are identified with two major developmental arcum 
stances namely, v'snations in the histology of different regions and 
differential grow th inadent to the production of irregular reliefs of the 
volar surfaces, 

Bonnev'ie observes that vanations m progression of ndge differentia 
tion are at least m part correlated with vanations m the prospective 
pattern type According to her, there arc two conditions of the epidermis 
responsible for vanations in pattern type the thickness of the fetal cpi 
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dermis at the time of ndge differentiation, a water logged state of the 
epidermal cells (the Pohterung of Bonne vie, herein termed cushioning) 
Bonnevie states that cushioning predisposes against the development of 
whorls and loops This relationship is questioned by three workers (266, 
^ 99 i 347) who regard the lack of correlation between frequencies of arches 
m various raaal groups and the calculated gene frequenaes (Chap 12) 
as a sign that arches are not dependent upon cushioning Karl, however, 
grants that both epidermal thickness and cushioning might be concerned 
m the developmental mecharusm which produces arches 

Bonnevie also correlates vanattons in contour of the embr> omc finger 
pads with the presumptive pattern formations, the correspondences mdi 
eating the influence of generalized growth processes on the character of 
configurations, especially as regards the formation of loops and other 
asymmetncal patterns Cummins (157) emphasizes the role of growth 
stresses in the developing skin This source of conditioning of ndge direc 
tion first suggested by KoUmann (136) is now supported by evidence 
which amounts to an expenmental solution of the problem 

The experimental method 1$ commonly applied when it is desired to 
identify and analyze factors of growth and differentiation An animal 
such as the opossum bearing young which are still embryonic might lend 
itself to experimental alteration of the intnnsic developmental environ 
ment of the dermatoglyphics By excising and grafting bits of volar skin 
or by minute mtradermal injections for induction of localized tensions 
It might be possible to demonstrate the factors which condition alignment 
of ndges This approach never has been attempted, but a natural substitute 
for experimentation has been utilized (157) The hands and feet are sub¬ 
ject to diverse developmental abnonuahlies such as syndactyly (webbing 
of digits) and polydactyly (supernumerary digits) Observations of derma 
toglyphics in these and other malformations indicate that ndge alignment 
IS conditioned by the stresses and tensions inadent to the general growth 
of the part Differential growth is obviously a necessity for the production 
of the characteristic form of any bodily structure Were it not for the 
occurrence of unlike rates of growth at different points the hand and foot 
would not develop their charactenstic form, and pads would not be present 
focaJized efevafions The focafizations of greater growth activity wfoci 
produce irregularities m the general form of the part, are responsible for 
variable alignments of ridges There are no predeterminations of ndge 
direction other than those which operate through their control of specific 
contours The epidermis coveting the volar surfaces possesses the inherent 
capacity to develop ndges, but the dispositions of these ndges are passively 
determined in the growth of the digit, palm or sole The evidence for these 
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rondusions deduced from the denxiatogi)rph]cs of malformed hands an 1 
feet may be bnefiy summarized 

A supernumerary digit such as an extra toe may be as fully developed 
and separate as its normal neighbor In such cases patterns of the same 
type may occur on the supernumeraty toe and on the normal digit which 
it duplicates (Fig 131 A) WTien the extra digit 15 imperfectly developed 
or bound in a syndactyl relation (Fig 131 B) the pattern of the super 
numerary member is dissimilar in type from that of its mate the dis- 
similant> is often demonstrably assoaated with differences m form of the 
two homonymous digits ^\hereve^ the molding of a palmar or plantar 
surface is abnormal and whatever the nature of the delect the con 
figurations are partly or wholly unlike the normal but thc> conform to the 
irregularities of the parts (Fig 131 C) Anomalous eminences whatever 
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their nature may bear distinctive patterns Occasionally the form of such 
an eminence is clearly correlated with the character of its configuration 
A symmetrically rounded hillock with a definitely arcumsenbed base for 
instance has as its developmental correlate a concentnc whorl (Fig 13 x a) 
In this connection cases presenting suppression of distal phalanges are of 
interest Fingers so affected bear patterns on the extreme ends of the 
fingers (162) The placement and aberrant character of these configura 
tiODS indicate that the patterns are fortuitously developed rather than 
being apical patterns displaced from their normal position The vanous 
configurations are not determined by self limited mechamsms within the 
skin The skin possesses the capaaty to form ndges but the alignments 
of these ndges are as responsive to stresses in growth as are the alignments 
of sand to sweeping by wind or wave 

Tnradii like any other alignments of ndges are conditioned by growth 
factors That their normal disposition is assoaated with conjunction 
points of three complexes of growth is demonstrated in developmental 
defects of the hands and feet (Fig 131) 


EUBRYOLOGV igg 

Volar pads iti the normal fetus are sites of differential gronth, each 
being responsible for production of one of the local configurations com 
prised in the morphologic plan of dermatoglyphics If a pad does not 
completely subside pnor to the tune of ndge formation its presence 
determines a discrete configurational area Direct obser^'ations on the 
variations m subsidence of pads have been correlated m part with tend 
enaes of the corresponding configurational areas to bear patterns or open 
fields The thenar pad of the palm for example, tends to be precocious m 
its involution, hence accounting for the infrequency of thenar patterns 
Pads on distal phalanges of digits and on the ball of the foot attain more 
full development and persist longer, in these regions highly expressed 
patterns occur frequently While it is difficult to compare the subtile 
variations in pad contour, such variations may be correlated in some cases 
with characteristic pattern variants as are gross contours in abnormal 
hands and feet 

Abel (151) points out that the elevation of the embryonic pad influ 
ences the spaang of the tnradius from the pattern center (as detennioed 
by the ndge count), the directions of ndge coursing and pattern form 
He excludes the possibility of any effect of pad elevation on the number of 
ndges developed over the distal phalanx as a whole His evidence consists 
of ndge counts from the pattern core to the lateral nail fold m tvio racial 
groups (Chinese and Germans) which have marked differences in the 
incidence of whorls, loops and arches The two groups show approximately 
the same number of ridges along this line of count The same author 
correlates this ndge count with size of the distal phalanx showing that 
there is a direct reUtionship between the two variables though both ate 
independent of pattern type and pattern size 

Applications 

Dermatoglyphics being differentiated in their final form dunng the 
third and fourth fetal months are significant indicators of conditions 
existing several months pnor to the birth of an individual Dunng the 
latter mouths of pregnancy dermatoglyphics are as unalterable morpho 
logically as they are in postnatal hfe The configurations and their com 
ponent ndges enlarge with the growth of the hand and foot but all their 
essential charactenstics remain unchanged The distinctions m adult 
dermatoglyTjhics—among races, between the sexes between right and 
left hands or in any other group companson—reflect the existence of 
differences dating from the fetal penod This freedom from the effects of 
environmental influences is shared by few other traits which are accessible 
to investigation in physical anthropology 
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In addition to these general appiications, dermatoglyphics may aid 
m some investigations which call for reconstruction of events m the 
intrauterine history of an individual 

In studying the inhentance of polydactyly an investigator meets with 
cases where the supernumerary digits particularly if they are accessory 
to the little fingers have been surgically removed or spontaneous!) 
amputated The for met existence of such a digit sometimes is recognizable 
by a scar, but often no scarring follows the amputation Nevertheless it is 
still possible to prove that there was once a supernumerary digit since a 
tnradius typically occumng in proximal relation to it remains as a perma 
nent sign 

Often an extra little finger is extremely small and constneted at ts 
base Such a digit may undergo spontaneous amputation either pnor to 
birth or m infancy Its former existence may be inferred, however from 
a retained small nodule representing the narrowed base, and the nature of 
the d€rmatogl>Tphics on tbs nodule may be indicative of amputation 
subsequent to the penod of ndge diffeientiation (i6o) 

Spontaneous amputations of normal digits also may occur in utero 
though rarely Before any speamen presenting the actual early progress 
of amputation was ever seen, significant chronological evidence was 
obtained from dermatoglypbcs id these cases Normal ndges cover areas 
involved m the amputative process, indicating that the process as seen 
in the newborn is of months standing its initiation antedating the penod 
of ndge dilTerentiation (158) This is substantiated in later observations of 
fetal speamens presenting active phases of amputation ^ 

Reference to derma toglyphics should be profitable also in investigation 
of the inhentance of webbed digits (zygodactyly or syndactyly) Observa 
tions in families, having one or more members whose second and tbrdtoes 
are webbed, suggest that inhentance may produce vanably either actual 
digital union or a minor expression of zygodactyly evidenced only in 
certain features of the distal plantar dermatoglypbcs (166) These signs 
have their parallel in the palm (Chap 11) They indicate that the dis 
turbed embryological processes which produce webbing of the normaUy 
free portions of digits extend Ihcir iDfluen^ into the distal zone of the 
palm and sole A pedigree of syndactyly which records only the webbed 
individuals as positive cases is possibly misleading since cases presenting 
the dermatoglyphic aberrancy alone would be erroneously classed as 
normals 


‘ StxettCT G L Focal dcSaenaesia feUi tissues and their reUlJOO to mtra utenne ampuU 
tion Camez^e Inst, of Wash Coninb toEnbryol No 126 193a 
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Transitions of Configuration Types 

I NTERGRADATIONS of finger print types are described and illus 
trated (Fig 48) in Chapter 4 Similar transitions are demonstrable 
in all other morphological areas middle and proximal phalanges of the 
fingers, palmar interdigilal areas, palmar hypothenar and thenar areas, 
toes, the se\eral plantar areas 

The essential uniformity of transitions of configuration types m dif 
ferent regions may be illustrated by showing that an area of the palm, 
mterdigital IV for example, duplicates in pnnciple the transitions demon 
strated in fingers The primitive mterdigital pattern is a whorl bounded 
by three or four tnradii and their radiants Se^eral lines 0! transition 
uniting whorls to loops and transitions from both of these to patternless 
configurations are illustrated m figure The series composing group I 
traces the degeneration of a typical concentric whorl directly into an 
open field In the course of degeneration the three tnradii appear to 
approach simultaneously the center of the whorl and with obliteration of 
the pattern there is in its place an open field bounded on the ulnar side by 
tnradius d and line D Groups 11 V show different hnes of transition in 
which central pockets and loops are the inteigrades between whorls and 
open fields 

I W Wilder traces the transitions «i palmar mterdigital areas II, 
III and IV H H Wilder (170) and Cummins (82) deal with transitions 
of the palmar hypothenar configuration, and Fleischhacker (484) and 
Bettmann (81) desenbe the tbenar/first mterdigital of the palm The 
details of transition in different areas vary, because of local morphological 
distinctions, but all areas exhibit variants which form an orderly senes 
Again It is to be emphasiaed that these transitions only reflect gradations 
m the resultants of growth mechanisms m fetal development (Chap 
10) Thej ate not literally conversions of one configuration type to 
another 

187 
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Associations of Patterns 

The occurrence of like finger print types in the individual referred to 
by Galton (57) as “the tendenaes of digits to resemble one another is 
termed assoctation by \\ aite Biologists now designate genetic assoaation 
of any traits as plewtrop', 

Uaite finds mjooo males 12% who have patterns of the same type— 
arches, loops or whorls—on all ten digits Loosemng of the bond of assoaa 



Fic 137 A.—Types of foaAb iot«rdi^tal patterns of the p»1id sbowiog (m ven cal rows) 
lines of trsns tioa m reduction of the pattern Drawn as from pnnts of n^ht bands iFrom 

I vr iroirr) 

Uon, statistically niore pronounced in ngfat hands, is evidenced by the 
occurrence in individuals ol different pattern types Sixteen percent of 
the persons m Waite s scncs have nine patterns of the same type, and 
10% have eight patterns of the same type Five percent of the persons 
bear patterns of all four main types and of their single hands about 
one fourth arc thus charactcnxcd 

The madence of complete assoaation m single hands is naturally 
higher than that in individuals sauce there are instead of ten digits 
concerned Volotzkoy (253), who apphes the term mononwrpktc to a hand 
m which all digits bear the same pattern type reports frequencies of 
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raonomorphic hands ranging from 21% to 33% m 11 raciall> diverse 
populations The average zs about 25% 

Waite and others more recently report a positive correlation of arches 
with small loops (loops having counts of 12 ndges or less, and especially 
those in the lower range), arches being negatively correlated with other 
pattern types The bimanuar (Fig 51) demonstrates the tendencj toward 



Fig 231 B —legend ol figure 133 A 


mutual exclusiveness of arches and whorls The negative assoaation of 
arches and whotU is su^ested also by the fluctuations in frequencies o( 
the two patterns in different racial senes there being a tendenc> for arches 
to increase as whorls dimmish (Chap 15) 

It IS apparent that toes have at least some associations different from 
those described in fingers since the bipedar (Fig 97) docs not disclose the 
exclusive relationships between arches and whorls which are so noteworth) 
in fingers 
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Steffens (119) makes a study of correlation of pattern type in fingers 
and toes of the same individuals reporting that frequent arches on toes 
are assoaated espeoally with arches and loops on fingers Further when 
there are many loops on toes the fin^rs bear loops or loops and whorls 
The coeffiaent of correlation for whorls in fingers and toes of the same 
indmduals is o 36 ± o 06, and for arches the coefficient is o 50 ± o 
Newman (118) computes coefficients of correlation for the occurrence of 
the same pattern type on fingers of both hands and on toes of both feet 
whorls, 0 42 ± 009, loops 033 ± 009 arches o 17 ± o 10 

Associations among patterns in the several areas of the palm have 
been little investigated Alass statistics indicate, as in the case of arches 
and whorls of fingers, a negative correlation in the occurrences of patterns 
(as distinguished from patternless configurations) in the bypothenar and 
thenar/first mterdigital areas In general, a racial group presenting few 
hypothenar patterns has abundant tbenar/first interdigitals 

Rife (357) shows by statistical analysis a negative correlation between 
patterns of the hypothenar and tbenar/first mterdigital areas within 
single hands, thus confirming the observation just mentioned Positive 
correlations of pattern occurrence exist between the thenar/first inter 
digital and second mterdigital areas, also among the second third and 
fourth mterdigital areas \\lthtD individuals there are positive correlations 
of pattern frequency between the second and fourth mterdigital areas, 
the second and third, and the third and fourth An assoaation exists even 
between the configurations of fingers and palms, since whorls on fingers 
ate positivel> correlated with the presence of patterns m the second, third 
and fourth mterdigital areas 

Harkness stiller (xo^) calculates correlations of pattern occurrences 
m five homologous areas of palm and sole There is no significant correla 
tion for any area when the left sole is compared with the nght palm or 
when the nght sole and left palm are considered Ev^en in homolatcral 
compansons of palm and sde, seven of the tea correlations are much 
below the level of significance Only three of these homolateral correlations 
appear to be significant thenar areas of nght palm and nght sole, o 27, 
fourth mterdigital areas of nght palm and nght sole, 031, third inter 
digital areas of left palm and left sole, o 24 

The positive correlation of arches with small loops and the negative 
correlation of arches with whorls show that there is a degree of common 
control of the level of pattern expression in the fingers of individuals 
Notwithstanding that the bond among the ten digits is loose, the correla 
tions suggest a generalized tendency in the apical volar pads of the fetus 
to behave in their development and regression as if they were under a 
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common control Positive correlations of pattern occurrences m areas as 
remote as fingers and palm, or palm and sole indicate that all areas are to 
some extent subject to a common control—rigid enough to determine not 
only the existence of patterns as distinguished from open fields, but also 
to regulate pattern type The negative correlation of palmar hjpothenar 
and thenar/first loterdigital must indicate the existence of superimposed 
local factors counteracting the effects of the more generalized control 

Bilateral Symicetry 

Only in a very general way is the human bod> bilaterally symmetrical 
i e , equal m the right and left halves An internal organ which is paired 
like lung or kidney shows unhkenesses of form, size and position between 
the right and left partners Most of the unpaimd viscera including organs 
such as heart, gastro intestinal tract and liver, are displaced from the 
nudline in an arrangement which conforms to a nearly constant pattern 

The asymmetries evident externally in the lateral body hahes compnse 
many familiar variations in form and size Differences between right and 
left sides of the face may be strikingly demonstrated b> bisecting t^vo full 
face photographs from the same negative, one of them being printed in 
reverse, and pieaag together the halves to construct tv,o full face por 
traits One of these is the combination of the two prints of the right half 
of the face, the other, of the left half Facial asymmetry may be so marked 
that such reconstructed photographs seem to be of two persons, each 
showing unlikeness to the full face of the original The right and left arms 
though appearing to be counterparts except for the mirrored relationship 
of one to the other, display anatomical differences and are rarely of equal 
dimensions The inequality of size is not dependent merely on use, since 
asymmetries exist even in the fetal period It would be pointless to 
enumerate all the manifestations of structural asymmetry (and functional 
asymmetry, as expressed m handedness, fooledness and eyedness) It is 
important, however, to approach bilateral symmetry and as>mmetry in 
dermatoglyphics with an understanding that these features are neither 
exceptional in presenting differences on the two sides nor exceptional in 
showing frequenaes of specific vanants greater on one side than the other 
Reference to variants of dermatoglyphics does not concern differences in 
minute characteristics, differences which are taken for granted, the bilateral 
contrasts under consideration are gross characters of the configurations 

The interrelationships between configurations of right and left mem 
bers represent one aspect of assoaation, but in considering this bilateral 
assoaation, or symmetry, interest is more often centered on differences of 
right and left members rather than on the diaracters which they possess 



DESifATOGLYPHICS 


192 

m comraon Distinctive bilateral treads of vanation m dennatogI>'phics 
are assoaated with functional a^mmetry In the palm and fingers certain 
departures from the usual trends occur m groups of left handed subjects 
(Chap 16) 

JIiRROEiNC In Its general conformation each arm is a mirrored counter 
part of the other This applies, within the bmits of bilateral vanation not 
only to the arms but also to the legs and the lateral halves of the head, neck 
and trunk The phenomenon of mirroring is an obvious corollary of the plan 
of construction of a body which in genera! is bilaterally symmetneal * 

Dermatoglyphics e:chjbit mirroring a mirronng which is usually 
partly obscured by factors operating independently of those conditioning 
basic symmetry The phenomenon of mirronng will be considered pnn 
apally with reference to fingers and palms, though it occurs as well in 
toes and soles 

A prerequisite for the expression of mirronng m finger pnnts is asym 
metry of pattern structure, the as>mmetiy being referred to the digital 
axis. A typical plain arch or a whorl m which all radiants meet, is sym 
metrical (For a quabfication of this statement, see below) A typical loop 
18 the extreme of asymmetric construction As with other vanants of 
dermatoglyphics, there are grades of finger pnnl asymmetry (Fig 48) 
Different senes of configurational lotergrades connect the completely 
asymmetne loop to the symmetric arch and to the sytnmetnc iihorl The 
hne of lessened asymmetry leading from the typical loop to an arch is a 
succession of progressively smaller loops the ndge count affording a 
mcasufe of the degree of a8>Tnmelf>-“an asymmetry which has opposed 
directions, ulnar and radial The sequence should be regarded as con 
tinuous, linking the one extreme of ulnar asymmetry, exemplified m an 
ulnar loop having a maximum ndge count, to the extreme of radial 
asymmetry, a radial loop of maximum ndge count Following this se 
quence, the ulnar asymmetry is piQgressi\€ly diminished with smaller 
and smaller ndge counts until the loop 1$ extinguished and the configura 
tion IS a symraetnc arch Continuing from the arch the progression of 
increasing radial asymmetry is a sequence of larger and larger radial loops 
The sequence from the ulnar loop to the meet whorl is composed of centra! 
pockets with increasingly larger conccntnc centers and these m turn lead 
to whorls m which non meeting of radiants on the ulnar side admits outflow 
of ridges from the pattern area It is but a step then to the symmetnc 

* The term mirronng or mirror imagiBg u osed lo a different sense m connection with t^o 
comparisons (Chap S3) WTien twins show doser lesembUnce between members of their 
oppoale aides than between members oC corresponding sides the reseraWance a described as 
mirrored. 
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whorl which as in the case of the arch, can be connected with a senes of 
transitions to maximum radial asymmetry These sequences of asymmetry 
may be read descriptively in either direction 

There remains to be characterized another mirroring phenomenon 
appeani^ m whorls The stated symmetry of the meet whorl is m reference 
to contrast with the asymmetry of a loop, where from one side of the 
pattern area there is an outflow of ndges to the digital margin However, 
both meet and non meet whorls frequently exhibit asymmetric construe 
tion of the pattern area Whorls may be either twisted in a clockwise or 
counterclockwise direction, or distinguished by spiral instead of concen 
trie coursmgs of ndges In whorls of nght digits the direction of twist or of 
spirabng is typically clockwise, as viewed m prints while on the left hand 
the typical direction is counterclockwise (225) The reversal of direction 
on nght and left hands is an expression of mirroring 

The ideal example of mirroring is the frequent combination of ten 
ulnar loops, each of the five loops on one hand being the mirror image of 
the pattern on the corresponding digit of the opposite hand (Fig 133 A) 
The palmar mam lines and configurational areas are in general mirrored 
m right and left hands, though, as will be detailed courses of main lines 
and occurrences of patterns show unbke statistical trends in the two hands 
This bimanual diSerenlial disturbs the aspect of mmonng 

Using as a standard of reference the individual who has a complete 
mirroring expressed m ten ulnar loops, the most extreme reversal of 
mirroring would be that in which aU digits of one hand bear ulnar loops 
and all digits of the other, radial loops Such a pattern combination 
apparently never has been observed, and the drawing of these patterns m 
figure 133 B is accordingly hypothetical However, a relation short of 
complete mirronng, such as a ten finger set with nine ulnar loops and one 
radial loop, is common 

In the authors’ files there are pnnts of one individual whose distal 
palmar configurations are unique m exhibiting a complete reversal of the 
typical mirrored relationship (Fig 133 B) The prints of the right and left 
distal palmar regions appear as if lhc> were two impressions of the same 
hand (with characteristics typical of right palms) This entails unlikeness 
of the courses at homnlajQiiA Uotea UL the two hands line A in the right 
hand is identical m course, even to certain sinuosities to line D of the 
left, hue B of the nght hand follows a course equivalent to line C of the 
left, in enclosing the third intcrdigital pattern, bnc C of the right hand is 
like line B of the left, and line D of the nght is like hne A of the left hand 
It will be seen, therefore, that not only are the nght and left distal palms 
grossly ahke, but also that this smulanty anses from consistent reversals 
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of the order of coursjng of honiologous mam lines Notwithstanding this 
letnatkable state of the distal palm there is nothing unusual m the 
proximal regions of the palms and all fingers bear ulnar loops 

Lack of mirrored asymmetries of dermatoglyphics whether in fingers 
or palms may be compared ynih the rare condition of reversal of visceral 
asymmetnes situs ^setrum inversus WTicn visceral transposition is com 



Fig 133 —A Fa r of hands show typcaJ mirronns of hn^r pnnts tod palmar features 
R K c&sa wh ch lha d sVal ^altnat feature art oot* m norad tha pno^ w%th 

all ulnar loops on on« hand and all radial loops on Cho other arc added as anhypothet cal 
lUustration of sun !ar lack of mirronn^ o finders 


plete the topography is reversed as jf the normal visceral relationships 
were viewed m a mirror The transpositions m dermatoglyphics arc mam 
fest as a reversal of mirronng in one of the members 

Finceks Right and left fingers display statistical distinctions in ridge 
breadth, ndge count (quantitative value) and frequences of the pattern 
types In right digits ndges tend to be coarser and quantitative value 
tends to be higher Differential trends of pattern type are evident in the 
total Irequenaes for the five digits aiHcctively and m the frequenaes for 
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individual digits In mass analyas nght digits typically present a larger 
number of whorls and radial loops than lefts while arches are more fre 
quent in left hands (though when digits are examined separately, digit II 
of the right hand generally shows the higher frequency of arches) These 
trends are evident in table i Exceptions, \vhen not due to statistical 
inadequacy of the collection are unusual, and are evidences of racial or 
sexual distinctions 


TABLE i4 

FfiEQrENciEs ot Digital Cqcplets Composed op Homoiocols Fingers op Right and 

Lett Hnvw Beasiisd wt Same Pattern Ttpe 


Germans • 

74 

Dutch—males f 

75 5 

Dutch—females t 

76 I 

Chilean Spanist—mal«t 

7 T S 

Chilean Spanish—females! 

76 8 

Chilean Indiana! 

77 * 

Javanese—maleat 

78 7 

Javanese—fcmaleaf 

78 4 

Libenan negroes—males f 

8s 1 

LiberuQ negroe^femalest 

77 S 

Efi pygreiea—males t 

75 5 

Ef4 pygmies^femalest 

8 e 4 


* Gr11fi«b<rg 

t Da&kiD<ii«r 

t Heaekel 


Another demonstration of symmetry in pattern type is afforded by 
comparison of couplets of digits, couplets composed of homologous fingers 
of nght and left hands Table 74 indicates the degree of bilateral symmetry, 
the imphed percent remainders expressing asymmetry The essential 
consistence of findings among races so diverse as those hsted in the table 
suggests that the level of symmetry of pattern type is fairl> uniform 
among all peoples 

The foregoing fails to indicate the degree of symmetry expressed in 
the individual, since the fi\e digital couplets are dissoaated m the mass 
compansoD Henckel 5 senes (^S8) of 61,510 Chilean Spanish males is a 
representative sample of symmetry relations in individuals Symmetr> 
IS complete in s8 5% of the persons in this senes, m whom each of the five 
digital couplets bears the same type of pattern Tbe diminishing fre 
quenaes of unlike pattern types on one two, three, four and &\c digital 
couplets are, rcspectnely 40 4 %f «« S%> 7 S%» t i%t 01% 

The following approximate inadences of syrumetry in single digits 
are from Dankmeijcr’s data (281) on Dutch and Javanese Digit I, 75%, 
digit II, yi%t digit III, 80%, digit IV, 76% digit V, 84^ Analyses by 
other authors also show a depression of symmetry in digit II and an eleva 



DI:RHAT0C1.YP2I1€S 


196 

tion m digit \ Distinctions among the digits are explained at least m part 
by their N'arying statistical trends of pattern type 

The total frequencies of pattern t>'pes and their differential dislnbu 
tions on digits ha\e a bearing on this explanation In Dankmeijer s senes 
of Dutch males for example the level of bilateral symmetry of loops is 
^ 4 % whorls and arches 4% Loops exhibit the highest sjTnmetry 
because they are so abundant The madences of these types on particular 
digits are detailed m Chapter 4 Digit \ leads m the expression of sym 
me try because loops have their maximum frequency on this digit and 
other patterns are correspondingly uncommon The high degree of sym 
metry m digit \ is accordingly m part obligative In contrast digit II 
presents the least symmetry because in this digit all the pattern types are 
commonly represented Digit II apparently oi^es its lesser symmetrj to 
the latitude of action of factors responsible for pattern tjpe the influence 
of obligatne symmetry being thus diminished 

Dankmeijer and Renes determine symmetry of pattern type in several 
raaally different collections They calculate also the symmetry that might 
be expected if the pattern distnbutions on ngbt and left hands ^ere 
determined by chance In each of (heir groups (Dutch Ja%aDe8e Libenan 
negroes and Efe pygmies—and in (he sexes separately making eight 
groups in all) the observed s> mmetr> is greater than the computed chance 
symmetry Kirchmair (J49) also demonstrates this point both for sym 

T\BLE 15 

Fr£q tNcicsor \V MOILS tiCHtsos IsTniDiAL 

i) 



1 

f 

1 " 

m 

\ n 

V 


1 

^ 41 4 ^ 





Right 

1 ^0 

t 6 4% 

4 

13 $% 

Left 

»9 4 

7 S 2 

i 6 2 

77 8 

0 9 

Arches 


1 




Kght 

» > 

10 9 

6 r 

» 9 

0 3 

Left 

4 9 

1 ««4 

8 0 

a 7 

I 2 


metry expressed b) occurrences of the same pattern type on couplets of 
homonymous digits and by the agreement of the numbers of corresponding 
types jn opposite hands irrespectne of their digital distribution 

Poll using the dactylodiagiam emphasizes certain charactensUcs of 
statistical distribution of pattern types which occur m the majonty of 
peoples so far studied The frequenaes of arches and whorls on digits I 
and IV of the same hand arc closer numencally than is either frequency to 
that of the corresponding digit on the opposite hand (Table 25) Each of 




SYUMETRY AND OTHER ASPECTS Of MORPHOLOGY I97 

the Other digits m contrast presents pattern frequencies closer to those 
of Its homologue on the opposite hand than to the frequencies of an> other 
digit In recognition of these digital unhkenesses three couplets (digits 
II III and V) are designated as patrs and in each hand digits I and I\ 
form a group The relationships of pairs signify a high degree of bilateral 
association or synametry and the groups represent an association within 
the single hand more intimate than the bilateral association 

In a senes presenting the relations of pairs and groups just descnbed 
there is conformity to the pair group rule as it is termed b> Poll The pair 
group rule obtains in European peoples hlongoUan races Rwala Arabs 
Chilean Indians and the populations of Asiatic Turkey and northern 
Afnca In some other populations the pair group rule does not hold 
When all five digits display pattern frequencies which couple them as 
pairs they are descnbed as conforming to the rule oj all pairs The rule of 
all pairs applies to peoples in the greater part of Africa (Hottentots 
Efe pygrrues Bushmen pygmy peoples of the upper Congo Negroes of 
Libena and the Guinean Gulf) Negroes of Jamaica and Cuba and North 
American Indians In two hybndized populations (Jamaican Browns and 
Spanish Americans with evident Indian admixture) tbe rule of all pairs 
(characterising respectively the Negro and Indian components) prevails 
over the pair group trait (of tbe European component) 

Further studies of the behavior of groups and pairs doubtless will yield 
data requiring modification of the foregoing statements Even now it is 
known that in certain populations listed among those confomung to the 
pair ^oup rule (Chinese Japanese Koreans) the females are exceptional 
m following the rule of all pairs ’ 

Palmar Main Lines Palmar mam lines ha\e distinctive trends of 
variation in right and left hands notably (a) The courses of mam lines 
indicate that general ridge direction tends toward a more transverse 
alignment in right hands (b) Line T tenninates in a position closer to the 
thumb m right hands (c) Line C is more frequently abortive or absent in 
left hands 

The bimanual distinction in coursing of ndges is shown best by lines 
A and D In right hands line A terminates more frequently m the distal 
levels of tbe ulnar border and line D tends to course farther radialward 
These distinctions are apparent in any representative sample tallied for 
mam line terminations (e g Table 5) 

The contrast is better appreaated when such results are converted into 
mam line indices Table 26 carries a listing of tbe mam line indices in 


* Poll pcnonil commun CAtion, Mirck 9 $ 1939 
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TABLE 

Muvline IsDtcrs avo Theis RicaT/LETT Ratios Gsocped for iLLisraATrov 
Partjcclarly or Cq\S7a\c\ ts Emru Sex or the BtHAA'rAL Ratios is 
Different Samples of TVhite Peoples the Lessee Bimastal Diffeiences 

IV Females op These Samples 


Group 

No of 

Stll>)<Ct9 

■Main line index 

1 

Right left 
ratio 

Rigbl 

Leit 

bands 

European Americans and Jc«s malca* 

eoo i 

9 20 

7 

5 41 

121 

European Vmencans femalcst 

.so ' 

^ 73 

7 49 

5 It ' 

117 

Ceriflans males { 

trSi 

9 $0 

7 ^2 

5 66 

12t 

Germans females 

765 

9 *7 

7 82 

a CO 

II7 

Jevi males 

4 ^ 

9 

8 11 


120 

Jews females 

1056 

1 9 79 

' 

8 4 J 
_ j 

ED 

1 1x6 


* CumouDS 194) 

t Steg^erda and Steggerda 1936 

; Data on Germans and Ctrirttn Jew9 drawn from an unpublished stud/ hy Cummins 


several senes of \\hite stocks It is to be emphasised especially that the 
nght/left ratio of the indices is coosUot m these several senes There is a 
consisteat difference between the sexes, females presenting a sbgbtly less 
ened bimanual contrast In the group first listed in table s6 the coeffi 
cient of correlation of main hoe indices m nght and left hands (336) is 
035 ± 0 03 The numbers of todividuah, in that same senes presenting 
the stated ^ffereaces of mam hoe indices in the two hands are o difference 
or only 1 unit excess in either nght or left hand, 46 excess of a 7 units 
in nght hands, 49 5%, excess of a 7 units in left hands, 4 0% 

Faucar PAnravs It is shonn m Chapter j that the several palmar 
configurational areas arc ubhke in the frequenaes with which they bear 
patterns and distinct vestiges The frequenaes (using the sample char 
actenzed in tables 7-10) range from ii 7% in the second interdigital area 
to 60 5% m the fourth interdigital area Espcaally in the hypothenar and 
fourth interdigital, two patterns may occur within one configurational 
area, these cases are counted astnstan«s of patterning without regard to 
duplex composition Each area shows a differeotial frequency of pattern 
formations m nght and left hands Combimog true patterns of all types 
and distinct vestiges, the frequenaes are hypothenar—nght 36 8%, left 
SI 7%, thenar/first joterdigilaJ—right 95%, Jeft 202%, second inter 
digital—right 16 kft t third interdigital—nght 63 9%, left 

43 3 %f fourth interdigital—nght 48 6 %, left 73 3% Both the degree and 
the direction of bimanual contrast vary to some extent among races An 
outstanding reversal of direcuon, or aa approach to it indicated by 
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equivalent frequenaes in nght and left hands, is noted m hypothenar 
patterns of some peoples, espeaally Maya Indians, some samples of 
North Amencan Indians Bedouins and Chinese 

In the distal and proximal regions of the palm there is a reversal Minth 
regard to radial and ulnar relationships of the positions of configurational 
areas showing dextral and sinistral excess of pattern frequency The areas 
in the distal palm more frequently patterned in right hands are inter- 
digitals II and HI, and in the proximal palm the hypothenar The areas 
more frequently patterned in left hands are intcrdigital I\'^ and thenar/ 
interdigital I 



Fic S34~Fre(iuee6y d stnbution of measurements between palmar digital triradii a 
and b in 300 young adults Common ^stnbtition of nght and left soUd black nght alone //// 
left alone \\\\ 


IvTERTRiRADiAL MEASUREMENTS Measurements of distances between 
digital tnradu in 300 young adults (86) yield the following means (milh 
meters )—a 6 right 22 34, left 23 40, b c nght 14 43, left 14 26, c-d nght 
20 57, left 20 74, a d right 52 49 left S3 08 With the exception of the 
b-c measurement, these intervals are slightly larger in left hands Howe\er, 
only the excess in left hands ol the a b measurement (Fig 134) is stalls 
tically significant 

Ridge Breadth In all digits ndges are finer in left bands (Fig 135) 
Digit IV presents the least bimanual difference in this respect The 
reported bimanual differences in lodmdual palmar areas are not statis 
tically significant, though concordant findings in two independent investi 
gations (24, 30) indicate that the following regional comparisons are 
vahd Interdigital III presents maximal difference between nght and left 
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hands» and is the site of the most pronounced tendency to present finer 
ndges in nght palms Digit IV exhibits the same tendency though in 
lesser degree This agreement of digit IV and interdigital III, with regard 
to the bimanual diSerential in ndgc breadth parallels findings in other 
features indicating an intimate relation of digit IV and interdigital III to 
the anatomical axis 

Plantar SIaiv Lines Bilateral distinctions of ndge coursing in soles 
are comparable to those of palms Unbke trends on right and left soles are 
exhibited by all main lines (105), the radiants of tnradius p (Table 12) 
and ndge directions m proximal regions not entered by mam lines (Table 




Fio 125 ni«tef md fTerentreffiOos (2»oyo>afigmftles) 

t cl regional couAta m nsht and Uft hands R and L dencpt ng the hand 

la which the count is larger—and hence the ndgee narrower 


15) In the distal sole there is a tendency for the fibular and distal radiants 
of tnradius p to terminate farther tibialward in nght soles than in lefts 
This matches the behavior of line D of the palm, and other plantar mam 
bnes agree with the trends distinguishing the mam lines of nght and left 
palms A new trend is introduced in the middle and proximal regions of 
the sole In nght soles there is not only a larger frequency of transverse 
alignments, but a greater tendency toward fibulo proximal alignment 
(symbols i and 2, Fig 83,B), contrasting with the sinistral trend of more 
frequent tibio proximal alignment 

Plantar Patterns The sole shows less asymmetry of pattern fre 
quenaes than the palm In a diverse assemblage of raaal matenal (Table 
27) the hallucal area {Thfl) and interdigital II present slight, though 
fairly consistent, trends toward greater pattern intensity (here used in 
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preference to percent frequencies of patterns) m left soles Other areas 
tend toward right superiority or equality of pattern intensities The 
sinist ral excess of patterns in interdigital II is less consistent among various 
racial samples than that of the hallucal area There are suggestions that in 
certain races (e g., Chinese and American Indians) the bipedal differences 
of interdigital II are the reverse of those just stated Such reversals are a 
suggestive parallel to conditions in the palmar hypothenar area of the 
same and related peoples, noted above 


TABLE »7 

BlFtOM. CQi£?A»lSONS OF iKTtSSrtY AKO PATTERN MaS 

IDcta ifttfol pMtcaitons </ ike present authors) 


Scries 

Number 

of 

HallucaJ 

(Th^/T) 

InterdigiUl 

II 

Interdjgital 

III 

IflterdjgiU) 

IV 


indiv)dujli 

R 

L 

R 

1 

1 

R 

L 

R 

L 

European American 

1 

200 


t6 

20 

2t 

62 

5 ^ 

21 

14 

European Aoencan 

too 

t2 

$2 

22 

2S 

64 1 

59 

16 

16 

European \mencan 

IOC 

u 

85 

u 

2$ 

64 

60 

14 

06 


too 

1 

tl 

ts 

St 

38 

78 

75 

91 

IS 

Spaniali Amencan^Bemaimo 

0 

75 

77 

^s 

30 

58 

5 * 

08 

97 

Spanislx Amencan^Chamita ' 

tio 

$1 

t$ 

24 

. 2S 


57 

oS : 

05 

ilopi 

S 9 

67 

72 

37 

30 

39 

44 

! 93 

06 

Stvajo ' 

9 S 

73 

ts 

19 

IS 

IS 

59 

p6 

06 

Pueblo 

131 

74 

76 

«7 

12 

59 

48 

Zl : 

19 

Bkfaya 

iU 

It 

76 

^9 

^9 

53 

$9 

tt 

TO 

Eilumo 


57 

^3 

54 

21 

1 

44 

55 

95 

00 

Vegro 


87 

U 

2 $ 

: 28 

58 

63 

39 

26 

M eighted average 

tU4 

79 

81 

1 

»3 

34 

!s 9 ; 

-J 

S6 

1 

' IS 

tl 

Frequenaes of patterns and 
vestiges 


93 ^ 

94^0 1 


29% 






Toes. Bilateral trends of pattern type frequenaes are different in toes 
and fingers Table 21 is a compilation of all the available data on toes 
Though only European stocks and Japanese are represented, the likeness 
among them of bilateral distinctions suggests that the trends may prevail 
as generally among races as the bilateral distinctions of finger patterns 
In toes, except toe III, vshorls are more abundant on the left side than on 
the right (Table 20), the reverse of the bilateral distinction characterizing 
fingers (See table i, noting that in fingers the dextral excess in whorls is 
at its minimum in digit III ) Tibia! loops likewise are more frequent on 
left toes, which is a reversal of the trend noted in radial loops of the fingers 
Arches are more frequent on left toes This is the same trend as in fingers, 
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With the exception that the index finger pt^sents a slightly higher frequency 
on the nghc side 

Variation in Reference to tiie Anatomical Axis 

In descriptive anatomy the axis of the hand or foot is usually con 
sideced only with reference to the relationships of certain muscles which 
have their attachments confined to the skeleton of the band or foot These 

muscles are the interossei the name literally describing 
their situation between the metacarpal (or m the foot 
metatarsal) bones The interossei are so insetted on the 
phalanges that they participate in the acts of spreading 
and apposition of the digits Their centering with respect 
to the anatomical axis of the hand is illustrated by spread 
ing the fingers In this act the index moves away from the 
middle finger in one direction and the nng finger and httle 
finger move m the other The axis of the system of muscles 
concerned m these movements the anatomical axis of the 
hand, is a line through the middle finger and third meta 
carpal The axis of the foot differs being m line with the 
second toe and second metatarsal (Fig 136) Character 
istically in pnmates the axis of hand and foot alike 
passes through the middle digit, the human foot presents 
one of the few exceptions 

Many structural features are correlated with the 
anatomical axis In most pnmates the longest finger or 
toe IS m the axis Senal abgnment of the human digits, so 
arranged that digits of maximum length m hand and foot 
comade, leaves unpartnered the digits having the least 
Anttomic^i distal reach, thumb and little toe (Fig 13 7,A) The dis- 

iti tbe , . 1.1 

hand ccvmpared tnbution of hair on the digits also IS associated wUn the 

anatomical axis All digits are devoid of hair on terminal 
phalanges, and all have hair on their proximal phalanges 
The middle phalanges are vanable m the amount of hair and in its dis 
tnbution among the digits The greatest frequenaes of hair retention on 
middle phalanges are on fingers III and IV and toes II and III * Accord 
ingly, and in agreement with the localization of maximal digital lengths, 
fhe senal companson ol fingers anfi toes involves a shifting by one digit 
(Fig 13 7 ,B) Zygodactyly, or webbing is locahzed most commonly in 

* Danforth C. 11 P slfjbuUon of tair cm Uic d fils id man Am J Pbys- Anlhropol 
vol 4 pp 18^204 ip2l 
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digits III and IV of the hand and H and III of the foot Some derma- 
toglyphic variations are similarly referable to the anatomical axis, data 
for the following account of such variations is obtained from non human 
primates (141) as well as man 

Apical Patterns The digital distributions of pattern tjpes yield four 
generalizations relevant to the anatomical axis 
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Fic 137 “^Senat comparisons of digits and of mterdigital areas of hand and foot 


(a) Radial loops are most frequent on finger II, and libial loops, the 
equivalent pattern type of toes, are chiefly concentrated on toe I In the 
foot the factors conditioning such loops shift their operation by one digit, 
the direction of shifting being in accord mth that demonstrated for other 
variables. Whether the axis is directly concerned in this unlikcncss of hand 
and foot might perhaps be questioned The distribution of arches does not 
conform to this relationship between band and foot Arches occur most 
frequently on fingers II and III, while toes V and IV have the maximum 
frequencies It is possible, since arches are mote common in toes than in 
fingers, that both increased frequency and altered digital distribution in 
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the foot are due to factors unrelated to the axis That this may be the 
case is suggested by the order of arch frequenaes on fingers and toes 
In the hand digit II is the center of referen<^ not only because it bears the 
maximum frequency of arches but also because there is progressive diminu 
tion m arch frequenaes m the natural order of digits on either side of the 
index In the foot where the greatest frequency of arches is on digit \ 
a quite different but still orderly senation is evident Arches are at a 
minimum on toe III and they increase lo frequency from toe II to I and 
from IV to V The unlike distnbutions of arches on fingers and toes are 
difficult to explain in any relation to the anatomical axis which would be 
comparable m hand and foot 

(b) Pattern intensities of digits vary m conformity to relations with 
the anatomical axis Pattern intensities of fingers and toes of the same 
individuals (ii8) are shown in figure 137 A There is nearly exact senal 
agreement of digits II through V in the hand with digits I through IV in 
the foot Parallebsm between fingers and toes is thus demonstrated by 
shifting the toe senes m the same direction as the shifted anatomical ass 
of the foot As in other compansons this isolates the thumb and little toe 
from partnership with other digits It ma) be significant that m neither 
hand nor foot does the peak of pattern intensity coinade with the digit 
lying in the axis Instead the digit adjoirung the anatomical axis toward 
the little finger or toe has the maximum intensity The same relationship 
exists m hair distribution (Fig 137 B) 

(c) Pattern form especially when determined by the method of 
Bonnevie or of Geipel exhibits digital x'anations which may be referred to 
the anatomical axis Fingers III and I\ represent a aone m which patterns 
tend to be more elongated The patterns become progressively broader m 
the fingers on either side of Iff or I\ Comparable statistics for toes are 
lacking 

(d) ^\^lorls showing monocentnc construction—which excludes twin 
loops lateral pocket loops and acndentals—ha\e peak frequenaes differ 
ently localized m fingers and toes Among fingers the highest frequenc> 
IS in IV and next in II In toes the maximum frequency is m I and next 
in III Finger IV and toe III therefore have rn common an abundance of 
monocentnc whorls 

Reference is made earlier to the possibility that the concentrations of 
radial (tibial) loops on finger II and toe I may not be truly explained in 
terms of axial relationships The abundance of radial loops on the index 
finger has been the object of much speculation Wider (262) was at first 
misled by the occurrence of radial loops in some pairs of identical twins 
He onginally considered this reversed asymmetry a correlate of twinning 
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perhaps akin to the transposed visceral asymmetry occurring frequently 
m one member of joined twins In a later paper (loi) he is more reserved 
m judging the significance of radial loops in twins and since then it has 
been shown condusivel> ‘ that radial patterns have nothing whatever to 
do with monozygotic twnning (225) 

Bonnevie {44) explains these patterns on a functional basis 

Remembering the position of the second finger when working alone 
m opposition to the first one it seems evident that the radial side of 
digit II and its papillary pattern should be of great importance whether 
the function of those lines be of a mechanical or of a sensory nature 
Among the different pattern t>T)es therefore the ulnar loop will be the 
one least useful its ridges running away from the radial side of the 
finger Whorls and arches the peripheral ndges of which patterns run 
out parallel on both sides of the finger seem here to be of equal use as 
compared with each other But no other pattern would for the special 
use of the second finger serve better than the radial loops the ridges on 
the radial side of the finger here being combined into pairs as arms of 
one and the same loop 

This argument 1$ hardly tenable (225) and Newman proposes another 
interpretation of radial patterns He considers the hand to be bifid an 
organ that has undergone a sort of twinning the thumb representing one 
member and digits II V the other As thus viewed Newman would expect 
asymmetry of the thumb to be mirrored as compared to asymmetry of 
the other digits The prevailing asymmetry of digits 11 V is an ulnar 
asymmetry Since the thumb usually has an ulnar asymmetry he postu 
lates that its expected radial asymmetry inadent to twinning of the 
hand is commonly cancelled by the ulnar asymmetrj of the hand as 
a whole 

Radial asymmetry is most common in the index finger which Newmian 
regards as a component of the twin of the thumb It is obvious that the 
thumb IS anatomically largely independent of the other digits but whether 
bifidity of the hand predisposes to radial loops on index fingers seems 
questionable particularly when conditions in the foot are examined The 
foot is not distinctly bifid and even if it were the distribution of tibial 
loops does not fit the interpretation advanced for the hand The toes 
collectively present a much lower inadence of tibial (radial) loops than 
do fingers The prevailing fibular (ulnar) asymmetry m toes is thus even 
more intense than in fingers The toe presenting the maximum frequency 
of tibial (radial) loops is the big toe a marginal digit and hence lacking a 
twin partner on its tibial side (Table 20) Moreover the next highest 
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frequency of tibial loops occurs on toe IV, a digit so situated that it hardly 
can be considered a partner of any toe 

Another hne of evidence against the ' tmnmng'^ origin of rewsed 
pattern asymmetries is obtained from the dermatoglyphics m polydactyly 
(157) In such cases a couplet of twin digits is represented by two big 
toes, two thumbs or combinations of other digits with their supernumerary 
mates If the twinning process were an agency produang asymmetry 
reversals, then such couplets surely should evidence the efiect Actually, 
however, reversed asjTnmetry m such couplets is the exception rather 
than the rule 

pROXiitAL AST) Middle Phalanges The configurations of proximal 
and middle phalanges (Chap 4) are of some interest in connection with 
the anatomical axis In the human hand, the ndges over these portions 
of the digits are characteristically slanted Commonly the slant is m the 
proximo radial direction on digits 1,11 and Ill, and on digits IV and V 
the slant la re\erscd, the ndges here coursmg proximo ulnarwards Though 
the digital distnbutioo of these systems is individually \anable, the 
general tendency may be appreaated by considenng digits IV as one 
system Collectively, the opposing slants form a broad chevron the 
distally directed apex being most commooly in the third, or azia^ digit 
The same relations exist m the hand of chimpanaee (229) 

Patters Iktessity op Paui and Sole Consideration of palmar and 
plantar configurations with respect to the anatomical axis wiU be limited 
to interdigital areas II, III and Recalling that the axis m non human 
pnmates generally lies la the hue of digit III m both members, it is note 
worthy that mterdigital area III both m palm and sole of non human 
pnmates, presents the least pattern intensity of the three regions (Fig 
137,D) In man, also, where the axis of the foot is shifted, pattern intensity 
IS depressed in areas rented to the axis i e , palmar III and plantar II 
(Fig 137,C) It is therefore suggested that factors which are associated 
with the anatomical axis reduce pattern intensity in the distal palm and 
sole 

The extreme reduction of pattern intensity m plantar mterdigital IV, 
and palmar mterdigital II, indicates that stall other factors may depress 
pattern intensity A parallel exists m the distnbution of hafr, finger II 
and toe V beinf, the digits having the least hair on middle phalanges 
These digits, significantly, arc topographically related to the mterdigital 
areas presenting minimum pattern intensity, 1 e , palmar II and plantar IV 

Expressions or Zycodact^xy in Paui and Sole A common mal 
formation of the foot is the condition o! syndactyly (2>godactyly) Of 
the different vaneties of this defect, special interest is attached to that 
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m which the second and third toes are firmly and closely joined bj a 
cutaneous web The web may extend to the very tips of the digits buf 
more frequently it is confined to their proximal portions In all these 
cases the volar surface of the web presents transverse alignment of ndges 
though m instances of complete webbing the apical patterns introduce 
deviations of ndge courses the web does not reach the distal ends 

of the digits (Figs 138 B and C) it bears characlcristicall} a tnradius in 
close relation to the interdigital interval Such a tnradius is termed an 
tnlerdtgttal triradtns m recognition of its position Interdigital tnradii 
may occur m the absence of any real digital union both in the palm (Fig 
73) and in the sole (Fig 90) When an interdigital tnradius is present 
m a palm its usual location is between the middle and nng fingers In 
the sole the most common site is m the second interval between the second 



Fir 138 ^DennttOfflyph cs in thr«« cwt syndactyly of tbestcond and th rd toss A 

Conpista webbing B and C Part al webb nr 

and third toes This localisation of interdigital triradn conforms to the 
typical foci of 2>godactyly 

Interdigital tnradii signify an intimate developmental relationship 
between neighboring digits An interdigital tnradius may be considered 
as a minor expression of the zygodactyl relationship An interdigital 
tnradius seated at the free margin of the web (as in figure 138 C) might 
be imagined in a senes of cases which present progressively shorter skin 
webs as migrating proxiraally with the web Finally when there is no 
actual union of the digits the interdigital tnradius remains as a mark of 
zygodactyly 

The ongin of an interdigital tnradius may be traced descriptively 
from an approximation and blending of two digital tnradii This process 
will be discussed with reference to the palm alone metric data not being 
available for the plantar digital tnradu Measurements between con 
secutive palmar digital tnradii (86) show that the interval b-e tends to 
be considerably shorter than either a b oz c d This indicates that the 
tendency toward approximation of tnradu 6 and c (Fig 139) is a step 
toward the substitution of a single interdigital tnradius for these two 
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digital triradii Tnradu 6 and c lie m the zone of common localization of 
major expressions of zygodactyly and the relative contraction of the 
interval b-c may be justly interpreted as a minimal expression of zygo 
dactyly The relatively higher \anabihty of the interval b c indicates 
that this zone is the focus of an active evolutionary trend (The coeffi 
cients of %anation of the intertnradial intervals are ah 12^ be 215 

c-d 147) 

Fusions of digital areas ^^hether in the sole or palm 
accompany zygodactyly (Fig 138) Such fusions may 
occur also in the absence of digital union either m associ 
ation with interdigital tnradu or with some form of dis- 
^ placement or suppression of digital tnradu Fusions of 
digital areas are very common m the sole occurring m 
about 35% of subjects selected at random (193) The 
second and third mterdigital areas are chiefly involved 
and usually digital tnradu in these areas are suppressed or 
apparently displaced 

Reduction or suppression of hne C in the palm is 
perhaps related to the phenomenon of zygodactyly The 
} digital tnradius (c) from which Ime C arises is at the base 
of digit rv Tnradius e does not lie in the anatomical axis 
but proximity may render the region susceptible to 
agencies of vanation assoaated with the axis The neigh 
bonng digit IV rather than II is the one more commonly 
involved with digit III in zygodactyly and there is similar 
behavior in other variations such as retention of hair on 
nuddlc phalanges The variable degrees of involvement of 
the mam lines are illustrated in figures 65 69 As shown in 
table 5 such involvements are practically confined to line 
C The hne is more commonly reduced than completely 
suppressed and all degrees of its zygodactyl expressions 
are more common m left hands than m rights Figure 140 illustrates 
an extreme example of minor zygodactyly 

Tnradu a 6 and c of the sole often are absent the following absolute 
frequenaes of their lack in 200 soles being reported (10^) c 23 fc 13 
c x6 d 0 Heightening, of the tendency to suppress dgital tnradu is 
localized farther tibialward (radialward) than in the palm where tn 
radius c is the one most frequently invoUed other digital tnradu being 
only rarely absent 

Ridge Breadth Regional differences m breadths of epidermal ridges 
may be correlated with the anatomical axis Figure 135 shows average 
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counts of ridges per centimeter for all fingers and five palmar configura¬ 
tional areas. The following regional unlikenesses merit emphasis. The finest 
ridges of the fingers are those of digit I\'; radialward from it, digits III, 
II and I exhibit a progressive increase m ridge breadth, and ulnarward, 
digit V likewise displays an increase Thus digit IV may be regarded as a 
center of reference for variations in ridge breadth. The narro’nest ridges 
of the palm occur in the region of interdigital III. It may be added that 



Fic. 140nght palm tSowmg dermatoglypfuc aigna of tygodactyly of the middle and ring 

fingers (From /. IV. iriMrr ) 

interdigital III is also the site of minimum variability in ridge breadth of 
the palm. THs area, previously identified as the site of reduced pattern 
intensity, has a proximate relation to the anatomical axis. 

A gradient of increasing ridge breadth (Fig 135) passes proximally 
in the palm, i.e., lengthwise in the anatomical axis. Ridges are narrower 
on the distal phalanges of fingers than on the middle and proximal phaUn- 
ges (72), and ridges here in turn are narrower than on the palm. Ridges 
in the distal region of the palm are narrower than those in the thenar 
and hypothenar zones (24), 
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PerSPECTIV'ES 

G ALTON, 1892, opens Jus discussion on the heredity of finger prints 
with this comment *‘Somc of (hose «vho have written on finger 
marks affirm that they arc transmissible by descent others assert the 
direct contrary ” Few writers of Gallon s time or since express doubt 
as to the hereditary transmission of finger piml traits Forgeot in 1892 
maintains that there are no indications of inhentance even when families 
are traced through three generations Locard m 1906 and Senet in the 
same >ear, report on families composed of several generations and both 
deny that inhentance plays a rdle in determining finger print patterns 
Stockis, in 1908 declares daily that the idea of inheritance of finger pant 
traits 15 a myth These aod other authors who deny the fact of inheritance 
have the mistaken notion^ that identical patterns would be transmitted 
if inheritance operates from parent to offspring Their opinions therefore 
may be ignored 

Abundant esidcnce now is at band to prove that some charactensties 
of finger prints and of other dermatoglypbic areas are inhented In preview 
of this evidence, it may be pointed out that genetic factors have a large 
share m determining vanations of dermatoglyphics as instanced espeaally 
by gradations of sinulanty observed among individuals having different 
degrees of relationship The closest possible genetic relationship is that 
of monozygotic twins In their dermatoglyphics as in other features, the 
members of monozygotic twin pairs typically present similanties of higher 
degree than those found in an> other compansons of individuals A pro 

* TKiS DoUcQ u not confined to the cnrljer wnlers In n recent sents cl lecturer on cnmin 
clogy It IS emp'baticaliy resutccl X ISt The XTit; ©I ‘Cnnundicgy \p i 74 'l 

Um>eT»ty Press 1941 T^t Cml Serwke Comirussca cl New York Oly gvve n 193^ 
examination for finger pnnt experts la lAe fono of compleUon quest ons one of the 100 ques 
twos concerns this point The question reads Practically all fingerpnnt experts be! eve that 
a nevcf ifibcntcd always inhented in 

hented as VlcndeUan characlensticsj the answer accepted as correct be ng never nbented 
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gressue reduction in degree of smulanty is demonstrable in compansons 
involving lessening relationships Thus paired sibbngs and the members 
of fraternal twin pairs are rarely as sunilar as the members of monozygotic 
t^in pairs Parent and child on the average show less resemblance than 
siblings, unrelated individuals of the same race show still less, while 
maximum differences are found m companng persons of different races 
Further, paired siblings show assoaations between certain dermatoglyphic 
features and functional handedness which are explainable only on the 
basis of autosomal linlagc ol genes responsible for these traits (357) 
The genetically prospective qualities are termed the genotype Because 
the genetic control is not a rigid one these qualities maj be expressed 
{phenotype) m an incomplete or altered fashion Such non genetic vana 
tions are paralypxc in origin, produced during the process of ridge differen 
tiation and prior to it by modifying influences of the de\cIopmental 
environment MacArthur (215) measures these effects in terms of the 
standard deviation (20 8%) for the distribution of homolateral differences 
in monozygotic twnn pairs 

It would be surprising if the traits of dermatoglyphics were not 
inhented since there is reason to expect that dermatoglyphics are subject 
to the same biological laws which determine inheritance of other char 
acteristics whether structural, physiological or psychological No student 
of inheritance however, has claimed that the totality of pattern char 
actenstics is transmitted The studies have disclosed only transmission 
of grades of resemblance which invariably fall short of complete likeness 
Newman, who through many years has investigated dermatoglyphics and 
other characters of twins, relates (225) that once he had been misquoted 
as stating in a public lecture that the finger pnnts of twins are * often 
ahke As a result, he was besieged with requests from identification 
workers for proof of this statement He was, of course, in a position to 
assure the inquirers '‘that, even in identical twins no tdo finger prtnis 
of difereni individuals are ever exactly ahke * Findings in these ' identical” 
(or belter, monozygotic) twins are of cniaal importance, if ever there 
could exist two identical fingerprints prospects for their production would 
be most favorable in such twins 

NewTnan in the reply quoted above, reaffirms a fact which has been 
repeatedly emphasized by reliable in\estigators of his own penod and 
of the generation before him Galton made the point dear in his statement 
that “it would be totally impossible to fad to distinguish between the 
finger pnnts of twins ” If this were not sufficient to settle the issue once 
and for all the pronouncement of Wilder, in 1902 should ha\e done so 
“The completeness ol identity in these cases is, howe\er, not so great 



212 


DESITATOGLYPHICS 


but that, both in the finger tips and on the surface of the palms and soles, 
there are di^erences su^ciently marked to render xmposstile the mistaking 
oj one print for another The question is of obvious importance to finger 
print identification, and it is unfortunate that an elementary fact has 
been so frequently misunderstood, especially by enters of ‘'newspaper 
science ” Erroneous views occasionally make their way into reputable 
scientific journals as in the instance now to be cited 

Thirty years ago there appeared in a newspaper (Strassburger Neuc 
Zeitung, Dec 15, zgzs) a sensational article dealing with a case of ques 
tioned paternity in which, among other traits, finger pnnts allegedly 
established the relationship of the child and putative father According 
to the reported expert testimony *'It is very remarkable that not only 
the prints of the father but those of the grandfather may appear m the 
child In twins equivalent patterns of ndges may occur, and they 

agree so well that a diiTerentiation is impossible * Another cunous phase 
of this case appears m the sequel Boas reprinted the press article m the 
Archio fur hrtminologtef and added his own commentary Though his 
remarks are m a facetious vein, they were taken seriously by Harster, 
who wntes 

\eann and year out there t$ waged by the represenutives of finger 
print science an untiring and often thankless battle, id order to bring 
recognition of this means of identification before the courts legal pro¬ 
fession and Ia> men This recognition it deserves and is m process 
of attaining ^Vhat should we then say m our own camp, when friends 
appear with the best intentions to further our work and are not aware 
that they shake our position at the very foundation How can we m the 
future stand before the judge and show that the accused 1$ not the 
actual misaeant but another? How can we show that the finger pnnts 
found at the scene of a senous crime belong to a certain person—when 
ftc would be confronted with statements printed in our most outstand 
ing professional journal statements from a disciple of finger print 
procedure affirming the possibility even though conditionally that 
parents and their children or siblings can ha\e the same pnnts? Our 
assurances that there is nothing to it and that innumerable investiga 
tions have shown the opposite will pass unheard and ^e uilt not need 
to wonder when the accused is set free because finger pnnts do not 
furnish sufficient proof '^Vhen even the possibility that finger pnnts 
are inherited is stated then the basis of all dactyloscopy namely that 
Ivio different fingers never can foraish the same prmls is shattered 
Let us not be confused m our work by newspaper articles 

Harster, igtionng published proofs of inheritance which should have 
been known to one wntmg as late as 19x3* is fearful that the secunty of 
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the science of identification would be jeopardized by the admission of 
inheritance Had Harster been familiar with the reports then available, he 
would have granted the fact of inheritance, and he might have seen in the 
twin observations a strengthened support for finger pnnt identification 

Qualifications of Dermatoglyphics for Genetic Studies 

As objects for the study of inhentance dermatoglyphics present cer 
tain advantages (a) It was Galton’s opinion that the minutiae, in mono 
zygotic twins, are suitable for determination of “the minutest biological 
umt that may be hereditanly transmissible ’ A forking, termination or 
other ndge detail may not be an ultimate anatomical unit, yet these 
features are at least among the smallest characteristics readily accessible 
for testing the hraits of hereditary control (b) The configurations are 
widely variable hence they are favorable for comparison among members 
of famihes (c) Unlike many other bodily traits dermatoglyphics are 
age stable Postnatally the configurations persist unchanged in all 
respects except dimensions and it is justified to assume that no alterations 
except dimensional increase occur dunng the prenatal months following 
their differentiation It is therefore feasible to compare parents and 
children or to compare siblings, with confidence that none of the 
configurational difierences encountered is due to their unbke ages (d) 
Dermatoglyphics are environment stable also Environment stability 
dates from the fifth fetal month when the dermatoglyphics are com 
pletely differentiated 

There are on the other hand some worbng disadvantages m genetic 
analysis of the dermatoglyphics (a) The genetic process is exceedingly 
complex (b) In comparing apical patterns of corresponding digits for 
example one deals especially with pattern tj-pe (including the tendency 
to ‘ twisting ) pattern direction (radial or ulnar), pattern size (quantita 
tive value) and pattern form (breadth/heigbt proportion) Each of these 
characteristics is in part dependent upon a genetic foundation more deeply 
seated than that which gives nse to individual distinctions Statistically 
there are characteristic trends of unhkeness between the two sides of the 
body and among different digits, between the sexes and among raaal 
stocks and constitutional types To extricate the more immediate mam 
festations of inhentance in the indiMdual or faimly from the genenc 
human qualities and distinctions of sex and race is a major problem con 
fronting the investigator (c) Extensive paratypic xanation introduces a 
handicap m recognizing the genotyp” The genes which determine the 
capacity to form ridges operate as independent conditioners of this funda 
mental trait The determination of speaftc configurational character is 
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indirect Configurational character depends upon developmental arcum 
stances (Chap lo) such as stress and tension in the growth of the part 
the thickness of the embryonic epidermis (whether under pnmary genetic 
control, as conceived by Bonnevie or secondanly induced by stresses 
of the underlying tissues, as suggested by Abel) and the distribution of 
cushioned areas, i c , areas o( thickening due to increased fluid content 
of the epidermis These several conditioners of specific configurations are 
themselves under the control of genes hence the genetic regulation of 
ndge alignment is accomplished indirectly through them 

Selective mating on the basis of derma tog] yphics is practically ex 
eluded It is hardly probable that features so inconspicuous as these 
patternings would be concerned in sexual selection, though it is conceiv 
able that dicta regarding finger patterns and marnage might be embodied 
m the folk teaching of some peoples, inasmuch as the Chinese have in 
eluded the patterns in their fortune telling lore 

Material asd Methoi> or Stvdv 

Investigation of the inhentance of dermatoglyphics, as of other normal 
human characteristics is hampered by hrrutations which are thus desenbed 
by J Wenmger (258) 

Man IS difficult to study genetically more so than plants and 
animals Children are fen the development of the individual is slow, 
and the span of life and of generations is long Counting a generation 
as 33 years there are three generations m a century and 30 generations 
10 a millenmin From the present tune to the recent Stone Age there 
would be ioo generations, m Drosophila 200 generations may be 
studied m ten years 

Furthermore, the m\Tstigator has no sclecti'rti control of breeding Despite 
these handicaps, which arc avoided when genetic research concerns organ 
isms so favorable as Drosophila (the Irtiil By), it is stiU possible to assemble 
materials for the eluadation of the genetic process m man 

Three classes of matenal have been utihzed in investigations of 
inheritance 

(a) Random colUclions of individuals from the general pofulalion arc 
used as control for comparison with the occurrences of traits within 
family groups, thej are necessary also if gene frequenaes are to be calcu 
lated References to ''general population*' apply to such control senes 
The cmstcnce of racial distinctions m dermato^yphics (Chap 15) requires 
that these senes be appropnalely selected Raaal homogeneity, insofar 
as that may be attained in the collection of matenal, is a first lequiremeiit 
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Due attention must be paid to the known sexual variations which occur 
within a race Specially chosen racial collections may be of value m 
examination of the genetic process en masse Two raaal stocks which 
present dermatoglyphic distinctions may be supplemented by a senes in 
which these stocks are hybridized, asm the Jamaican “Blacks/* “Browns'* 
and “Whites** studied by Davenport and Steggerda (Chap 15) Finally, 
statistics drawn from mass collections are indispensable as a standard of 
reference for any inquiry involving variation 

(b) Family groups provide material for tracing the genetic transmission 
of dermatoglyphics The family groups may be large or small and they 
may embrace more than two generations mth or without collateral hnes 
The examination of paired siblings is of value in certain analyses, twin 
pairs (or other sets of multiple births) are segments from family groups 
which call for separate charactenzation (see below) Sev eral w nters dealing 
with the subject of questioned paternity stress the importance of “purity * 
of family material for genetic study The special interest of these wnters 
makes them keenly aware of the uncertain paternity m some families, 
especially in certain racial groups and at some social levels Metzner 
supplies an interesting sidebght on this question In an analysis of the 
genetic formulae embracing a large material be divides the families into 
two groups In the first including 50 families with 19S children, there is 
no doubt of true paternity For the second group consisting of 50 families 
with 233 children, there was no information by which paternity could be 
validated In the latter group the number of instances in which offspring 
do not conform to the genetic expectation is three times as great as in the 
first group, the respective totals being 23 and 7 

(c) Td^ns are either dizygotic or monozygotic Dizygotic pairs, which 
may be same sexed or opposite sexed are siblings of the same age, not 
differing in limits of heredity from siblings bom at different times Mono 
zygotic twins, on the other hand are probably equivalent geneticallj 
The members of a monozjgotic pair always are of the same sex and gener 
ally they resemble each other more closely than do the members of a 
dizygotic pair, their likeness being in some cases so extreme that they are 
often mistaken for each other The two induiduals are of the same geno 
type that is to say, the) have the same genetic composition Multiple 
births in which there are three or more members are classifiable just as 
are twins m the stricter sense A set of triplets for example, might be 
tnzygotic, dizygotic—tw o individuals being monozygotic twins—or 
monozygotic \\ith increasing numbers in a set the number of possibilities 
as to zygotic origin is increased, but even wnth a number as high as five, 
as m the Dionne set (216), there is still the possibility of monozygotic 
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origin of the several members The phenotypical expression of germinally 
prospective traits may be incomplete or altered o^ing to early mtra 
uterine influences Observations in monozygotic twins provide a measure 
of the limits of freedom of the genetic process Against this standard com 
parisons may be made with other paired individuals such as siblings or 
unrelated persons selected at random It is usually but not alwa> s possible 
to diagnose zygosity with reasonable assurance and if twins are to serve 
as a standard of reference in genetic analyses the diagnoses must be valid 
(Chap 15) 

Any cbaractenstic or zone treated in the descriptive section (Chaps 
4 7) IS open to genetic investigation though fingers and p^’lms 
figure mainly in the literature It is apparent that hereditary regulation 
IS not umformly rigid throughout all zones of th'* dermatoglyphics Toe 
patterns are less ngidly controlled than finger patterns (119) suggesting 
that lag in differentiation of the foot may admit a larger parakinetic 
influence 


Early Stopies on In-heritance 

The earlier students of dermatoglyphics first had to establish the fact 
of mhentaoce, leaving for later mvesttgation the mode of transmission 
and the developmental vehicle of its eicpression 

Gallon (57) undertakes a preliminary examination of the inhentance 
of pattern type in the right index fingers of 205 paired siblings Noting 
the pattern types occurring m each couplet, be counts the instances in 
which each of the nine possible combinations of patterns occurs Com 
pansons arc made against a control senes of umelated persons their 
nght index fingers being paired at random into couplets In this control 
senes the observed frequency of each of the nine possible combinations 
of pattern types agrees very closely with the calculated chance of such 
combinations in random selection, while (he number of agreements of 
pattern type m the paired siblings is great cr than would be expected on the 
basis of chance The increased concordance Gallon explains is due to 
inhentance of pattern Ij'pe On a similar basis he proceeds to other 
analy'^s including observations of twins all of which point to hereditary 
determination of pattern type 

Wilder's early studies on twins extend the evidence of inhentance 
and he adds to the hterature two family trees demonstrating the trans 
mission of patterns patterns as opposed to patternless configurations in 
the areas concerned One family illustrates espeaally the transmission of 
pattermngs of the thenar eminence of the palm (Fig 141) This family is 
represented by six children, their parents, and the three sisters of the 
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father Both hands of the father carry conspicuous thenar patterns and 
his three sisters have thenar patterns Every one of the six children bear^ 
thenar patterns, bilaterally in foxir of them 
and unilaterally in two Neither hand of the 
mother shows any indication of thenar or first 
interdigital patterns Among White stocks 
such as would be representative of this family, 
thenar patterns occur in not more than 15 20% 
of individuals The family is therefore a strik¬ 
ing illustration of direct transmission through 
the father of the factors underlying production 
of thenar patterns In connection with the 
same configuration, a set of monozygotic tn 
plets reported by Gardner and Rife is of 
interest not only m that alt six hands bear 
thenar patterns but also because their configurational vanations afford 
a measure of parakinetic inffuences 

Even more staking than these examples is another family recorded 
by Wilder, in which several members present the rare calcar pattern 

The pattern occurs in no more than 1% of 
individuals of the general population, yet m this 
family (Fig 142) calcar patterns or their rudi 
ments appear in seven of the twelve persons 
examined The occurrence of calcar patterns m 
both man and wife is a notei^orthy coinadence 
All three of their children present calcar pat- 
terns Again there is provided an illustration of 
the fact of inheritance, and one which suggests 
a dominance of patterns o%er patternless 
configurations 

Another family group composed of six indi 
viduals of three generations, reported by 
Cevidalli (Fig 143), illustrates inheritance of 
the palmar hypothenar pattern in its unusual 
form as a whorl Hypothenar whorls are present 
in two sibbngs their father and the paternal 
grandmother 

Similarly, Carnere records a Lapp family in 
which the members show varying degrees of reduction of palmar mam line 
C, occurring with such frequency m this family as to indicate that the 
condition is hereditary 
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Numerous isolated finger print family trees are available in tte earlier 
literature As an example, a family descnbed by Heindl (6o) is selected, 
its importance being that the eleven individuals composing it had been 
independently studied by two investigators, one of them examining finger 
prints alone, and the second concenung himself only with general bodily 
traits Neither was informed of the observations of the other until the 
results were finally assembled, when it became apparent that those mem 

bers who show close finger print resemblances are hkemse the 
more similar in other bodily traits Hemdl does not attempt 
to formulate rules of mhentance but merely analyzes the 
distribution of pattern types He notes, m the single available 
member of the third generation, a much reduced ulnar loop 
on the left index, the reduction being traced to the mother, 
who shows a related condition m three digits Tirelli reports 
on finger print pattern types in two families One of them 
IS significant for the occurren^ of all arches in the mother, 
and the tendency to pattern reduction m her two siblings 
and the majority of her six observed children 

Reports of isolated family lines, and casual observations 
such as close resemblance of finger prints in a father and son or occurrence 
of arches alone in two brothers, are not productive of great advancr m the 
knowledge of heredity It remained for Bonnevie to create a more fruitful 
approach Her work forms a central structure of the body of information 
now available on inheritance of dermatoglyphics 

The Genetic Process 

Bonnevie s study of 1934 opened the way for searching analysis of the 
genetic process, earned out in a senes of studies (44,153,154 155,256,174 
175) Her first observations arc confined to finger prints in family matenal 
amounting to about 200 individuals and in a small senes of twins She 
concludes that m the phenotypic expression of the patterns at least three 
different characters are transmitted independently of each other These 
cbaraclers are (a) QuanUtalwe value of the pattern, or ndge count from 
tnradius to core, (b) Breadth/heighl proportion, the vanants composing 
three general classes of pattern form—arcular, intermediate and elliptical, 
(c) Tendency to 'Hwisting' —indicated by lateral pockets and twin loops 
as well as certain true whorls with interlocked double cores It is shown 
also that some minor charactcnstics of pattern construction and pattern 
direction (radial loops) are possibly inhented Subsequent studies by the 
same author ate based upon a larger matenal, 100 fanubes with 311 
children The results are of fundamental sigruficance, the conclusions 
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of the earher study being extended and modified largely through inter 
pretations gained from the new viewpoint of her observations of pattern 
formation in the fetus 

In the following discussion each of the finger print traits is treated 
separately and a representative selection of observations in other der 
matoglyphic zones is included Much of the material presented in Chap 
ters 13 and 14 also is applicable as demonstration of the nature and limits 
of hereditary control 

Pattern Type Bonnevie remarks that the affinities among transi 
tional patterns are demonstrated by senes assembled from different 
fingers of one person from persons closely related to each other, or from 
unrelated persons who carry the same general types of patterns It is her 
opimon that each such senes of transitions represents in the mam one 
and the same genotypical design Bonnevie later emphasizes that the 
distinctive pattern type trends of different digits suggest that individual 
fingers are not independent but that each digit represents one part of a 
common genetic complex 

Gruneberg (202) offers observations in twins and in families He docs 
not agree that there is a genetic control of the digits collectively whether 
concerned with pattern type quantitative value or any other character 
rstic Tracing pattern t>'pes without reference to ulnar and radial direction 
he compares homologous fingers m 390 pairs of monozygotic twins Pattern 
types agree in 80% of the digital couplets (substantiated m MacArthur 5 
finding of 8r%) In contrast there is a significantly lower frequency in 
dizygotic twins 63 4% His family trees show that where parents have 
loops in corresponding couplets 80 9% of the patterns in children ate 
loops and that when whorls occur in parents 70 8*^ of the children 
possess whorls Gruneberg concludes that these observations afford 
positive evidence of the inhentance of pattern type 

Griineberg assumes that pattern type is conditioned by two pairs of 
factors XA (xx) and I I (yy) with nine possible genotypic combinations 
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According to his lOterpTctalion, Y is epistatic over A, FI is epistatic 
over A A”, and XX is epistatic over Y If the dominant factor of one 
factor pair is absent the dominant factor of the other pair expresses 
itself and if dominant factors are aU absent the arch appears as a double 
recessive 

Essen Moller (igo) investigates the presence or absence of whorls in 
twins Counting those instances in which both members of a twin pair 
have no whorls or both have one or more he reports that 65 8% of a 
dizygotic senes are thus characterized while in monozygotics the fre 
quency nses to 85 7% 

Bohmer and Harren studying 100 families with 436 children em 
phasize the extreme vanabihty of pattern type among siblings This 
variability, they observe, indicates that pattern type is not inherited but 
their further comments and tabulated data show the actuaUty of beredi 
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tary transmission Their observations on whorls (Table 28) demonstrate 
m keeping with the conclusions of most other authors that m spite of 
obscurity of the genetic process there is a definite hereditary tendency 
in the expression of whorl patterns Their charactenzation of whorl 
bearing individuals makes allowance for the tact that whorls are common 
in digits 1 and I\ , individuals having no whorls at all or not more than 
two form one group and those with three or more whorls form another 

Ennenbach stresses the parakinetic origin of differences of pattern type 
m monozygotic twins He believes further as Bonnevie suggested eailier 
that there is a causal relation between epidermal thickness and pattern 
type 

Elderion, confining attention to patterns of the index fingers, and 
considenng rights and lefts separately, tabulates the parental combina 
tions and patterns in offspnng (about 650 children) and notes that (a) 
Neither arch X arch nor arch X composite yields whorls, (b) Neither 
iikorl X schorl nor uhorl X contpostU yields arches, (c) Arch X loop. 
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arch X uhorl uhorl X loop, contpostle X hop and loop X hop produce all 
types of patterns, (d) Possibly compostU X compostle yields no arches 
(Whorl, in Elderton’s usage, refers to true whorls ) 

Double cored Patterns (“Twisting ) The twisting tendenc> is 
considered a character of an individual having even one double cored 
pattern Bonnevie suggests that though the mode of inheritance cannot 
be definitely established in her material the indications are that twisting 
IS dominant over the single cored condition Mueller (221) insists that 
if dominance is present it is incomplete He points out, however, that 

TABLE 19 
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parents without twisting tendency have children usually lacking double 
cored patterns and that when both parents bear twisted patterns the 
children will in general have one or mote such patterns (Table 29) Even 
when he excludes those digits m which double cored patterns are most 
common (Table 2) the results obtained arc comparable Bohmer and 
Harren while conceding inheritance of the twisting tendency^ emphasize 
that dominance has not been proved Karl (347) regards the character 
as probably recessive Steffens (119) considers that with present informs 
tion hereditarj tendencies have not been established 

The genetic process thus remains obscure yet the data in table 29 
conform to the rules of Mueller and to the gencrahaations of Nutnberger 
(a) \\ hen both parents have double loops the children as a rule also have 
them, (b) When double loops are lackingm both parents they are as a rule 
lacking in the cluldten (c) If double loops ace present in only one parent 
some children will carry them others not 

Pattern Foru Bonnevie proves that vanations in pattern form or 
breadth height proportion ate hereditary She suggests that elliptical and 
circular patterns represent a pair of alleles (factors or factor groups) and 
that the elliptical form is dominant 

Geipel (197) investigates pattern form m a large family matenal and 
m an extensive senes of twins His groupings of the indices into classes 
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(large, medium and small) are listed in Chapter 4 Of 208 pairs of mono 
zygotic twins, the members of each of 200 pairs are m the same index class 
and in (he small remainder (he combinations invariably are m adjoimng 
classes—large and medium or medium and small—and the differences 
of the numerical values m these cases are shght Of his 237 pairs of dizy 
gotic twins, 40% of the pairs have members m different index classes 

Geipcls family material (113 pairs of parents with 386 children) 
yields these generalizations (a) From the parental combination large X 
large, 75% of the children are in the class large, (b) From the parental 
combination small X small, 71% of tbc children are tn the class small 
(c) From the parental combination medium X medium the children in 
the respective proportions i 2 i, are in the classes large, medium and 
small, (d) From the parental combination medium X large, the children 
are mainly in the classes medium and targe (c) From the parental com 
bmation medtum X small, (be children mainly are in (he classes medium 
and small, about equally divided between them, (f) From the parental 
combination large X smalt, the children are mainly 10 the class medtum 
Geipel concludes that the ten finger index is assoaated with a single gene, 
though he grants the possibihty of an allelic senes The individual who 
has a large or a small index is a homozygote, while one with a medium 
index IS a heterozygote 

Mueller (222) supplies similar statistics on the form index m families 
He refers, as do Boonevie and others, to arcular, elliptical and medium 
patterns, but in charactenaog an individual be does not use the ten-digit 
set ID all cases An individual is placed id the class circular when all tea 
patterns are circular, but tbc presence of one or more elliptical patterns 
would transfer this indniduai to the ellfplical class, to the medium class he 
assigns the remaining cases—all ten patterns medium or some patterns 


TABLE 30 

IkSKSTTAKCE 07 PaTT 7K> Fostf 
(IfwfOtr) 


Psmtal combinations 

Hainber of 
CluldfCli 

• 

pattern form in cbildien 

Circvlar 

Medium 

Ell pUcal 

73 exc 

119 

9S 3% 

1 7 % 

0 0 % 

56 exj/ 

99 

57 6 

55 4 

7 * 

44 CX£ 

«5 

37 6 

34 t 

aS a 

19 IfXSf 

*9 

55 * 

34 5 

!0 3 

20 SfXE 

44 

1 *0 5 

29 5 

1 50 0 

1 

9 EXE 


1 0 0 

*30 

$7 0 
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medium and some circular When th^^se results (Table 30) are compared 
mth the generalizations oi Geipel, attention must be given to the diRer 
ence of classification Mueller does not agree with Bonnevie that elliptical 
pattern form is dominant over orcular^ holding that the genetic process 
IS much more comphcated and possibly similar to that regulating pattern 
size He resolves the following rules from his material (a) Parents who 
possess at least one elliptical pattern on each hand have children who 
carry at least m one hand an elhptical pattern, (b) Children who bear at 
least one elliptical pattern on each hand are from parents who have at 
least one elliptical paUerti, (c) Parents who have only circular pattern* 
produce offspnng who in the majority of cases have only circular patterns, 
m less than 2% of the children elliptical patterns or closely related inter 
mediate patterns occur, but only in one hand 

Nurnberger formulates a scheme of inheritance of pattern form adapted 
for application m paternity cases (Chap 14) 

Pattern Direction Bonnevie does not find extensive evidence for 
heredity of the direction of finger patterns (radial or ulnar) though she 
notes that certain famibes present a concentration of radial patterns on 
digit in This suggests inheritance of pattern direction since radial 
patterns are rare on this digit Karl bke Bonnevie observes that there 
IS little evidence supporting hereditary iransnussion of pattern direction 
Grtineberg (20^) investigates radial and ulnar direction m asymmetric 
t^horls as well as in loops In monozygotic twins 9^ 8% of homologous 
finger pairs show the same asymmetry of patterns, m dizygotic twins 
84 and in unrelated individuals 73 4% Though the difference between 
monozygotic and dizygotic twins is of questionable statistical significance, 
the large difference between monozygotic twins and unrelated persons 
demonstrates that pattern direction is inherited He postulates, m a scheme 
similar to that which he proposes (or pattern type, a senes of paired factors 
responsible for pattern direction 

The question of possible relationship between pattern type and pattern 
direction is raised by Grtineberg In his material 18 6% of whorls are 
radial in direction, as contrasted with an incidence of only 5 3 % radial 
direction among all loops He interprets the correlation as an expression 
of ‘'coupling ^Vhether these figures prove the point may be questioned 
Mueller (222), whose results agree with those of authors mentioned 
abo\e, points out that if both parents have radial patterns the children 
commonly have them 

It IS Polls opinion that patterns of the same tj’pe but of re\*ersed 
direction (ulnar and radial loops) should be considered similar from the 
genetic standpoint 
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Mueller (221) imposes a restncUon on the characterization of an 
individual with respect to radial patterns Believing that the frequency 
of radial patterns on digit II precludes use of this digit in genetic studies 
he defines a radial person as one ti^bo has at least one radial pattern 
on any digit other than the index He finds (Table 31) no evidence that 
the radial character is inherited though he admits that the matenal is 
very limited 

TABLE 3 

Inheritance op Rad al Pattcr\s (Jt) Occcrrinc in Dicrrs Other than the In-dex 

AS Contrasted unn the Absence op StCH Patterns ( 0 ) 

iifu€fUr) 


ParentRl combinaUons 

ChJdres 

T 04 0X0 

R IS i 

0 301 

16 RXO 

1 

R 5 

0 20 


Newman (223) points to evidence drawn from twins on the inheritance 
of radial patterns (including not only radial loops but also radial whorls) 
Among 50 pairs of identical twins radial patterns occur in both members 
of 2X pairs and of these all (our index fingers are so distinguished in 
seven pairs 

\\a1ker confining attention to radial loops on nght index fingers con 
eludes that the transmission is by a sex baked recessive gene This con 
elusion IS difficult to reconate with nearly equal inodences of suJx patterns 
m the sexes \\ alker s matenal is small and the agreement of findings with 
a mathematical formula indicating recessiveness is doubtless only a 
matter of chance 

Quantitative Value Bonnevie s onginal determination of quan 
titative value was later superseded by a procedure m which only the larger 
of the two counts m whorls is considered Class groupings are discoo 
Unued and the quantitative value of the individual is the aN^erage of ndge 
counts of the ten digits 

Proof of the inheritance of quantitative value is furnished by determin 
mg the correlations between pairs of individuals of different degrees of 
relationship Several workers present such data The following coefficients 
of correlation (44) illustrate that monozygotic twins are more closely 
related to each other than are fraternal twins or single-bom siblings 
monozygotic twins 092 dizygotic twins 054 siblings 060 unrelated 
individuals o 27 Single bom sibhngsare of course closer to each other 
than are randomly paired unrelated individuals In the latter similanties 
depend on a genenc human inbentance rather than on a specific familial 
inhentance 
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Bonnevie {175) later revises her ideas on the inhentance of quantita 
tive value, making use of her embryological studies of epidermal thickness^ 
and of the distnbution of cushiomng She concludes that there are three 
independent factors responsible for quantitative value of a pattern 
instead of the live originally assumed F, expressed in the general thickness 
of epidermis over the digital pads of the embryo R, which produces 
cushioning in the more radially placed digits II and III, U, responsible 
for cushioning m the more ulnarward digits, IV and V 

The measure of epidermal thickness the factor V is the highest ndge 
count obtained in any one of the ten digits of the individual higher 
counts indicating thinner epidermis One source of error in investigations 
of the V factor is depression of ndge counts by cushioning with the resuU 
that recessive individuals would be erroneously considered as hetero 
zygotes, and heterozygotes as dominant homozygotes Bonnevie discusses 
the problem of defining borderlines between genotypes a matter which 
IS further emphasized by Metzner The highest values about ridges 
or more, are recessive (w) to lower values the boundary between hetero 
zygotes and dominant homozygotes being at about 14 16 ridges (Tabic 32) 


TABLE 31 

IsflE&ITANCt OP CflOEftMAL TniCZNCSS { \ } 
[Data from Bannnte on 4 Jrpm Mft (ombintd) 


Patenul £orabi nations ^ 

Children 

1 \ 

U 

-- 1 

n 

0 

U X vt 




n 

V\ X Vt 

46 


I 

3 ? 

1 tX Ip I 

1 53 , 

74 

33 

1 

u 

vrxfT 

^ 1 

34 

1 6 

8. 

IvXrv 

5 


158 

39 

ftXw 


S 

126 

' - ■ 


Heterozygotes (Fr) have maximal digital values of approximately 16-21 
ridges and dominant homozygotes (I V) present maximal values of 
6^15 ridges Counts of 0-5 ridges (arches and very small patterns) probably 
result from cushioning produi^ by factors R and U 

Gruneberg (202), on the basis of the frequency distnbution of quan 
titative values, assumes that epidermal thickness is regulated by four to 
SIX pairs of polymeric factors Like other authors who ha\e dealt with twin 
material, he contrasts monozygotic and dizygotic twins with respect to 
this feature His data, rearran^d m table 33, show a distinct trend of 
lesser difference in monozygotic twins This distinction is illustrated also 
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in the average differences of quantitative value (class values, not absolute 
ridge counts) i 6i in monoaygotics and 4 15 in dizygotics 

TABLE ss 

DiPFEREscES or QcAVTnATCVB Vallc (k» Loops Ovtv) ih Hovologocs Flngeks of 

^lONOZYCOnc AND DUYCOTIC Twivs 
{Grwteh^rg) 


Difference in count 

Kumber of cases 

Mw)i>iTgotic, $4f pairs 

Duygotic, 144 pairs 

0- 1 


49 

p- S 

*S 

36 

4- S ! 

10 

23 

6- 7 

7 

17 

S- 9 

4 

u 

ID-XI 

1 

1 

7 

IS-I3 


2 

M-X5 


4 

1^17 


3 

x8- 
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Gallon’s law of fiLal regression, to tbe effect that persons wbo deviate 
much from the average of tbe general population most commonly have 
children ysho deviate less, has been tested Mueller (221) from the stand¬ 
point of quantitative value (determined according to Bonnevie's 1924 
method) Mueller believes that tbe results (Table 34) indicate conformity 

TABLE S 4 

DtMATtovs (rtou rvt Meak or tbe Popciatiok) dp Quanthattve VAtrs iv Paaests 
ANdTbEIB CurLDBEN, IS PoSStBlE CoSrOBMrTTToGAlTOVsLAWOP FrUAt RXCBESSlOX 


Deviations from the 
rsean quantitjitivr 
value of the 
p>opuIation, 46 0 1 

Number of parenUl pti/s 

7 

1 

20 

»9 

12 

9 

3 

Parental groups 

-25 3 

— 16 1 

i 

^3 4 

3 9 

' IS 6 

21 3 

Their chUdreo 

— 29 0* 

-II 9 

—1 I 

3 6 

*S I 

*9 4 

Number of children 

JS 

3^ 

39 

' 21 

>3 

6 


* MueUrr txphma diKirpaner hy SW aiuU Bumbe; ot in this 


of quantitative value to Gallon's law It ^ould be important to test the 
question with the use of Bonncvic’s revised method and with larger 
material 

Both Mueller and von Wehren stress that parental combinations with 
low values yield low values, and that when the parental values are high, 
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those of the chatdren are high Thus the children have values which he 
within the variational limits of their parents Von Wehren, combining his 
own family material with that ai^able to him m the hterature notes 
in the 266 families only t^^o exceptions to this rule the exceptions being 
the same cases which Bonnevie had reported as such The same author 
brings out a striking contrast to this evenness m the family groups by 
dissociating parents and children and recombining them in 32 diflerent 
‘ family” groups The exceptions to rule range from o to 32 in these 
arbitrarily composed * famibcs * 

Geipel (igj), employing the total ndge count of the individual, lepoits 
on 469 pairs of monozygotic twins 405 pairs of same sexed dizygotics, 
and 107 pairs of opposite sexed dizygotics The frequency distnbutions 
of the differences of ridge counts in these three groups are shown la table 
35 The mean differences in the groups are monozygotics ii i ± 04 


TABLE ss 

DiitxxENCts ss Tot At Rmct Cowts xm T^tss 

(Getptl) 


Difi<rence m 
ndge counts 

*^IOQOZ> gOtKS 
(469 psirs) 

' Same sezed 

duygotics (40s purs) 
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^ to 

60 S% 

19 

17 8% 

11 90 

U 3 
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U 10 
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14 ® 

40 

3 0 

t 9 3 

ir 9 
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9 9 

3 7 

51 60 

0 9 

10 9 

8 4 
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S 9 

3 7 

7t So 


S 7 

8 4 

Si 90 


3 $ 

3 d 

9s 100 


7 2 

4 7 

loi 110 


I 0 

3 7 

111 130 


1 7 

1 0 9 

121 130 


0 9 S 

! 0 9 

131 140 


0 2, 

0 9 

U< 15® 


0 »s 


151 j6o 


0 9 $ 

1 

161 170 





\ 

I 
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ndges, same sexed dizjgotics, 393 ± i 4> opposite sexed dizygotics, 
42 3 ±48 These figures are closely matched in the work of Lehtoiaara 
(cited bj Geipel), who reports in monozygotics a mean difference of 
III Tidges, and m dizygotics 35 5 

The question of penetrance is considered by von Versebuer (251) 
in reference to epidermal thickness and cushioning The gene or genes 
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conditioning these charac ten sties may vary in penetrance (the abilit> 
to become manifest m the phenotype), owing to paratypic influences and 
the existence of accessory genes which may promote or inhibit action 
of the primary genes Calculations based on 203 pairs of monozygotic 
twins indicate, m his opinion that penetrance of factors for epidermal 
thickness is much greater than penetrance of factors for ulnar and radial 
cushioning This finding according to Wenioger (260) is m harmony with 
the unlike developmental mechanisms associated with epidermal thick 
ness and cushioning \Veningcr presents a theoretical consideration of 
epidermal thickness, radial cushioning and ulnar cushioning with particu 
lar reference to their phenotypic variants and the principle of penetrance 
The details do not lend themselves to condensation, and the reader must 
be referred to the original publication 

Bohmer and Harren supply data on epidermal thickness from matenal 
consisting of 100 families with 436 children They do not accept Bonnevie s 
conclusion that thin epidermis (expressed by ndge counts above 21) is 
recessive (to thick epidermis, counts of 15 or lower) They agree, however, 
that there is some hereditary influence, since ndge counts below 5 occur 
m children only when the average parental value is at least below 15 
but It IS impossible to set a generally vahd rule since e\en among such 
families there are some children with counts as bgh as 20 

CoSHioviNO Bonnevie asserts that cushioning depresses the quantita 
tne value which is potential in the V factor Cushioning is lacbng when 
all digits of one or both hands of an individual have counts greater than 
15 ndges Uniformity in low values, 0-5 ndges, indicates that thick 
q^idenms and cushiomng are both present (Ulien the \alue5 are inter 
mediate, 6-15 ndges in many or aJJ 0/ the djgjts clues to the genotype 
may be obtained through examination of the parents or the children of 
such individuals ) The degree of cushioning is expressed by the difference 
between the highest digital value of a hand and the lowest value of digits 
of the radial or ulnar groups The two hands arc in\estigated separately 
to avoid confusion due to asytnmetnc distnbutiont Cushiomng is absent 
when the difference is 0-4 this condition being recessive to its presence 
In beterozygotic cushioned individuals the difference amounts to about 
5-10 ndges, while in dominant homozygotes the difference is usually 
greater than 10 ndges Cushioning 1$ fientahfe fiotfi as to presence or 
absence and localization on either the radial or ulnar digits (Tables 36 
and 37), the respectne factors, Jl and U, arc independent of each other 
There are two sources of error m the results on cushionmg First, the 
boundanes between heterozygotes and homozygotes, as well as the dis 
tmction between dominant and lecessm homozygotes are uncertain 
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TABLE 36 

lNui.ftiTAsc£ OF Radial Clshjomng 
(Data/f am Bannevie end from Xfti ner ecmhtrud) 


Parental combinations 


66 RRXRR 
1x0 RR X 
17 F/XRf 
4 RRXrr 
3 RrXrr 
0 rrXrr 


ChiWtcQ 


RR 

Rr 

rr 



3 

i36 


I 


3 < 1 

It 

3 

ti 



10 

3 


TABLE 37 

iKUfaXTAKCf! or UtSAft CtSUfOMsC (C) 
(Dotafram Bonnfvtt nndjrom \itt ntr combined} 
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15 ut/xvu 
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78 UUxUu 
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79 
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57 
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*9 

4 
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46 

1 *9 
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t 
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The second difficulty is that cushioning is manifest m the ndge counts 
only Tpben it extends into the pattern area In consequence) some of 
the individuals classed as non cushioned rccessives may be cushioned 
Likewise the degree of cushioning may not be expressed Bonnoie con 
siders that in her material some cushioned indi\idual 5 identified as 
heterozygoles axe really dominant homoxygotes 

Bohmer and Harren question the hentabiiity of cushioning 
Ge\e Frequencies Abel (265) points out that racial differences m 
gene frequency exist, especially for the factor of epidermal thickness (10 
This question is later elaborated by Piebenga (299) In EsUmos of Eastern 
Greenland the factor V is practically non existent It is rare in Chinese 
and infrequent, though at its maximum, in European stocks, Hindus 
South Melanesians and Formosans—reaching a maximum in Bushmen 
(Table 38) The gene frequencies lor epidermal thickness differ not only 
among widely separated racial groups but also among Central and North 
European peoples The factors for radial and ulnar cushioning (R and U) 
exhibit less vanation among different peoples Abel interprets the relative 
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stability of the factors of cushiomog as aa indicatioa that they are more 
ana eat properties thaa the factors of epidermal thickness 


TABLE 3S 

Gene Fieql’EVcies tH \AAiots Racial Ceouts 


Racial group 
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* To make tbew cocapMble lo reported by other authors the observed value* 
oaly are uiduded in the table Ge>ee report* a^ percent values adjusted by the geneuc 
numbers accordmg; to t)^tlUcb 

t Abel a senes of Eskimos cortipnses family froups and hence may not be representative 
of the general population 

MI^OR Characteristics or Patterns Bonnevie demonstrates the 
inhentance of '‘minor’ characteristics of patterns these including not 
the ultimate minutiae but various local configurational features As to the 
mode of inheritance no suggestions are offered by Bonnevie Siemens or 
Le\ ea 

Minutiae Griineberg (202) selects homologous fingers of tmns ba\aBg 
the same pattern type, pattern direction and ndge number expecting 
that ndge detads mjght be m tdoser agreement m such patterns than jn 
those presenting coarse differences E\cn here there is no identity in 
minutiae a finding which has been repeatedly mentioned since Galton s 
observations on twins Gruneberg concludes that the minutiae are accord 
mgly conditioned para typically, and emphasizes further that differences 
in quantitative \alue may be brought about by these variations of para 
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typic ongm He and others stress that ndge counts presenting differences 
of one, tv»o or possibly three ndges may thus not be genetically different, 
since such discrepanaes are introduced by differences of ridge detail that 
may influence the count to this extent 

Neuman (22^) observes that m twins minor configurational details 
and minutiae of homologous fingers often sho^v close resemblances (Fig 
144) Occasionallj there is similar dose resemblance in ordinary siblings 
and in parent and offspring 



Pic t 44 —Close resembUnce la pnnts of correspondma fingers In twins Two pa rs of tw ns 

marVed respect rely A and B ere illustrated (Prow Afvmsa } 

Ridge BnEAPTir Karl (547) suggests the possibility of inheritance of 
ndge breadth According to Ennenbach the ten-digit a\erage (of ndge 
counts on a I cm line) shows intra pair differences m monozygotic ttvins 
ranging from o 2 to 1 5 ndges, the a\ erage difference being o 7, the average 

Toes In toes, according to Steffens (119), the range of vanation of 
ndge number is greater than in fingers The frequency distnbution of 
ndge counts on toes shows neither a distinct cleft between counts 15 
and 16, nor one between 21 and 22 Steffens does not find it possible to 
differentiate in toes the three genotypes FI', Vv and rr, unless there be 
some modification of the border lines (as suggested VV, 0-15, Fr, 16-24 
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or 16-25, Wf 23 or 26 and above) In evaluating epidermal thickness m 
toes, the same author advises ezdusion ot those cases of monozygotic 
twins which present wide discordances With the suggested modification 
of the genotypes there are among her pairs of monozygotic twins but 
two instances of discordance in £n^rs and none in toes 

Steffens has no instance m which embryonic epidermal thickness is 
less in the foot than in the hand In 85% of the subjects the relationship 
between fingers and toes is about the same The outstanding contrasts 
between toe and finger patterns are indicated in table 39 

T VBLC S9 

FfiroitNCrrs q9 Cisbiovino FAcrots iv Fisceis axdToes of the Same Subjects 

(Sitfftns) 
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It IS suggested that toes are more frequently cushioned than fingers 
For the study of cushioning, Steffens combines toes I and II as the tibial 
group, and III, IV and V as the fibular (though it is immatenal whether 
toe in IS grouped with the tibia\ or fibular set) The results indicate that 
cushioning m toes probably is not regulated on the same basis as in fingers 
Falsis ^Vllders observations noted briefly and illustrated in the 
introductory section of this chapter, suggest a dominant inheritance of 
thenar/first mterdigital patterns Wemnger (259) also devotes attention 
to the thenar/first mterdigital areas Her material compnses 290 families 
\vith a total of 562 children She regards the inhentancc as too complex 
to be explained on the basis of a single factor There is some indication 
that presence of the pattern in fathers has a greater influence in producing 
patterns m the offspnug than does presence of the pattern in mothers 
The data in tabic 40 show that not only the presence of patterns but also 
the degree of pattern elaboration is determined by genetic factors 

Wcinand supplies information on palmar patterns and on palmar mam 
lines In palmar mterdigital II it appears that the presence of a pattern 
IS dominant over open field Of 13 offspnng from parents 0 X Z> 5 show 
patterns in mterdigital area II This is in marked contrast to the rare 
occurrence of tbs pattern in the general population Further, among 44 
famihes wherein parents are 0X0, only 7 of the 197 children have these 
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TABLE 40 

IVHERITAKCE Of PALLAS 1%ENAS/F|KST IctEBDICITAL PATTERNS 

(If Bflllilfrr} 
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patterns Sjmilar observations are recorded for interdigitals III and IV 
and for the hypothenar The h3rpothenar however presents a discrepancy 
Parental combinations 0 X 0 and 0 X untlaleral presence produce equal 
numbers of hypothenar patterns in the offspring Weinand assumes that 
there is a particular susceptibility of this palmar area to parakinetic 
influences He offers the alternative explanation that patterning is trans 
mitted recessively Except for mterdigital III as illustrated in the thenar/ 
first mterdigital from Wemngers data the number of children with 
bilateral patterns is greater from 0 X btlaleral presence than from the 
combination untlaleral X untlaleral Untlaleral X untlaleral produces chil 
dren who if patterned are predominatingly patterned on one hand only 
and btlaleral X btlaleral gives nsc to children who are predominatingly 
bilaterally patterned 

It is definite that the directions of bne D and the associated hne C 
are hentable Abundant evidence from twins is available from other 
sources but Weinand s data on 5* fainihes with 230 children supply 
clues to the mode of inheritance When the parental combination is 

II II - Xiiii- -about three fourths of the children ha\e 

similarly high terminations of the mam lines If parental instances of the 

lopographjcaJJ^ similar up -be added to this group then over po% 

of the children present high terminations The parental combination of 

high termtnalion {7/ 77 -) X lowlermtnalion (p 7 -) yields children 

who have preponderantly high terminations The offspnng are about 
equally apportioned betw een high and low terminations w hen the parental 

combination is 77 p -X P7 - , but they are preponderantly low 

from the combination up -X77- 
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Czik and Malan icpoit on iht palmar mam lints and palmar patterns 
m carefully diagnosed senes of monozygotic and same sexed dizygotic 
t’wins As an illustration of the results, and of the influence of her edit) 
m determining the mam lines, it may be noted that 77 9% of the monozy 
gotic pairs agree m the position of termination of line A, while for dizy 
gotics the concordance is only as 7% 



TWIN DIAGNOSIS 


Objectives and General Methods 

K NOW'LEDGE of the inheritance of dernjatoglyphics prepares the 
way for practical applications Many basic problems m biology, 
psychology and medicine are approachable through studies of twins 
Inasmuch as twins are being used to determine, for example, the r6Ie of 
inheritance in susceptibility to a disease, sound diagnostic procedures for 
distinguishing the monozygotic and dizjgotic types are essential Der> 
matoglyphics are included among the items generally accepted as valid 
diagnostic critena Another application (Chap 14) as yet not on as 
secure a foundation is concerned with the determination or exclusion 
of parentage under circumstances when there is question of the paternity 
of a child or, more rarely, of the maternity 

Differentiation of monozygotic and dizygotic twins ordinarily is 
accomplished by the ‘ sinulanly method'' Siemens, Newman, Komai, 
von \'erschuer, Rile Meyer Heydcnhagen Geipel M&cArthur and others 
have sought to establish methods leading to diagnoses that are reasonably 
dependable The principle of diagnosis in the similarity method is the 
assembling of observations on a variety of traits, which preferably are 
non hnked in inhentance For instance. Rife (235) presents a test of a 
diagnostic formula comprising four qualitative and four quantitative 
items, the exact mode of inhentance of each quahtatu e trait being known 
(a) blood tjpes A, B, AB and O, (b) blood tj'pes M and N, (c) presence 
or absence of hair on the middle segments of fingers, (d) ability to taste 
phenyl thio carbamide, (e) ins pigmentation, (0 intelligence quotient, 
(g) quantitative values of finger pnnts, (h) stature A twin pair showing 
correspondence m the eight traits is diagnosed with fair assurance as 
monozygotic The chance of error may be as low as 27 out of i 920 000 
if the parents are heterozygous for each of the qualitative traits 

Possibilities of error are inherent m the similarity method However 
small the chance of error may be in a properlj executed diagnosis, the 
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close resemblances sometimes observed in individuals who are not mono 
iygotic twins illustrate how a misUlcen diagnosis might be made if 
the companson is not exacting Wilder (264) mentions three sisters 
two of whom are fraternal twins the single born sister so closely 
resembles one of the twins that die is commonly taken to be the twin 
partner 

As a supplement to the similarity method the character of the after 
birth (a single chonon 01 two cfaonons) has been considered by many 
workers a reliable diagnostic aid Some recent students of twins however 
find instances of conflict between the results of the similarity method and 
the d agnosis based on fetal membranes and they question the vabdily 
of the latter cntenon Essen MoUer (190) considers that 17% of all 
dicbonal pairs are monozygotic and about 33% of monozygotic pairs 
are dichonal 

The general procedures in twm diagnosis cannot be broadly discussed 
here but it must be insisted that an investigator desinng to determine the 
distinctions of detmatoglyphics in mouosygottc and disygotic twins 
should not include these features among the items m his original diagnoses 
Some investigators of twins have fallen into error by not observing this 
precaution against arcular analysis 

According to von Verschuer (252) the hereditary equality of mono 
zygotic twins is supported by three lines of evidence (a) In lieu of direct 
proof drawn from human twins which in this relation is unobtainable 
he cites the study of Kappert on the flax plant One-egg t^nns triplets 
and quadruplets occur m certain stocks of flax Cultivation by self 
pollination demonstrates that the phenotypic differences among the 
components of these multiples whether two or more in number are not 
hereditary (b) In a simple and well known hereditary complex (blood 
groups O A B AB and the M and N agglutinogens) it is definite that 
gene differences in monozygotic twins do not occur since the two members 
of such a pair never differ in blood type (c) Similanlies of monozygotic 
twins are no greater than those between the right and left halves of the 
body of one person—and in diaractcnstics which exhibit distinctive 
umlateral variations the homologous halves of the members of a mono 

wx vAWily ihLs. ttaxv tbt wA left suit’i at an. 
individual This last point elaborated by Komai and confirmed by other 
investigators has come to be universally accepted as a law applicable in 
twin diagnosis Both von Verschuer (250) and Meyer Heydenhagen point 
out that the rule regarding honwlatcral and bilateral unliLenesses in 
twins holds only for characters having difl^erent statistical trends of vana 
tion on nght and left sides 
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An excellent demonstrabon of the contrast between monozygotic 
and dizygotic tnins, with respect to degrees of homolateral and hetero 
lateral differences, is ptQ\'ided bj the correlations of quantitative value 
Monozygotic and dizygotic twins are widel> different in these comparisons 
(Table 41), though equal in their mtra mdmdual, or bilateral differences 


TABLE 41 

CoErnciEN-Ts or Corselatios iv QuANtiTATiVE VAttiEs or Flsccb PstNTs r\ Twins 



Monozygotic 

twios 

Dizygotic tnins 

Author 

MM 

FF 

l/i/ 

MF 

FF 

Both hands of twin A and both 
hands of twm E 

0 97 

0 

0 

0 96 
gs 

95 

0 36 

0 34 ; 

0 54 

0 46 


Fuhuoka 

Bonnevie 

Newman 

Right band and left hand of the 
same individual 

0 or 1 ^ Sg 

0 Z6 

0 gs 

9 or 

1 

0 04 

0 03 

c 83 

Fukuoka 

Bonnevie 

Nenman 

1 

Left hand of i and left hand of B 

0 g7 { 0 9t 

0 gs 

c S 7 \ 0 >9 

1 ^ 

0 50 

0 35 

Fukuoka 

1 

Newman 

Right hand of A and nght band 
of B 

, 0 93 1 0 93 

0 gi 

1 0 41 1 

1 

0 ro 

0 34 

9 35 

Fukuoka 

Vewman 


The same is true when quantitative value pattern type and palmar con 
figurations are analyzed by the method of average differences (Table 48) 

It will be recalled that among the members of the family studied by 

Heindl (60), resemblances and differences of finger pnnts are correlated 

to some degree with resemblances and differences in other bodil} and 

mental charactenstics In the main this correlation is borne out in observa 

tions on twins Obonai, who examined about 200 pairs of twins, emphasizes 

ihai some pairs of monozjgolic twins maji ha>e finger patterns that arc veiy 
unlike 

The reliability of dermatoglypbJCS as a diagnostic aid is illustrated 
in the experience of several workers Newman (227) reports that of 42 
pairs of twins in his senes 40 w ere correctly diagnosed by dermatoglyphics 
alone Meyer Heydenhagen asserts that 90% of monozygotic twins may 
be diagnosed by their similanties in palmar dermatoglyphics An cspeaally 
significant test is reported by Rife (237), who had submitted to MacArthur, 
another expenenced student of twins only the pnnts of 61 pairs, including 
both raoDOzygotics and dizygotics MacArthur correctly diagnosed 58 
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of the 6x pairs, and it is noteworthy that two of his three diagnoses which 
disagreed with Rife’s judgment based on other traits were tentative 
Lauterbach doubts the usefulness of palmar dermatoglyphics in twin 
diagnosis His reservation is made because of the close likenesses of these 
features occurring m some twins whose dizjgosity is certain because they 
are opposite sexed Cummins (180), analyzing the derma toglyphics in 
eight pairs of t^ins, at the time without other information which might 
give clues to zygosity, makes diagnoses of two pairs inconsistent with the 
data on fetal membranes The diagnosis of two pairs as dizygotic in 
disagreement with monochononic membraoes, is open to the explanation, 
since emphasized by von Verschuer, Essen MoUer and others, that fetal 
membranes may not be rebable indicators of zygosity 

Ford, Brown and McCreary report on a pair of twins presenting every 
evidence of monozygosity except in derma toglyphics In this case the 
parakinetic mechanism responsible for dermatoglyphic unhkenesses is 
identified with a functional handicap m intrauterine development, which 
18 shown to be probable m ww of demonstrated abnormal relations of the 
fetal membraoes Of similar significance from the standpoint of para 
kinetic factors are observations on joined monozygotic twins popularly 
called ‘'Siamese’* twins Their dermatoglypbes are more dissimilar than 
m monozygotic twins generally (181, i8z, 228, 234) The developmental 
processes of individuals so united obviously are disturbed, and char 
actenstjcs susceptible to such influence would not be expressed geno 
typically Unhkenesses of patterns in a supernumerary digit and the 
corresponding digit of the normal senes are further illustrations of para 
kinetic effects In the absence of such influences it might be expected that a 
supernumerary thumb, for example would bear a pattern closely resem 
blmg the pattern of the normal thumb Actually major discrepancies 
even of pattern type, occur m a large proportion of these cases 

Gruneberg (203) urges that m studies of mhentance the single born 
should be compared with twins, and be illustrates how such material 
may be quantitatively analyzed to secure a measure of paratypic influences 

Specific Methods, wtth Coxiparisons op Twis Types 

MacArthur regards finger print traits as more reliable than palmar 
features rn distinguishing the twin varieties, at least as he analyzed them 
and considers ndge counts more effective than pattern type He follows 
an exacting method m analyzing the dermatoglyphics of twins and in 
comparing twins with their parents and siWings 

(a) Total ndge counts for the five digits of each hand are compared 
m the nght and left hands of the one individual, between corresponding 
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hands of the members of the pair, and betv^een their opposite hands 
The difference obtained in each of these comparisons is expressed as a 
percent fraction of the a\erage ndge count in the general population 
(about 66 ndges per hand in the material chosen by MacArthur) 

(b) Pattern type and pattern direction are evaluated and the differ 
ences are rated by empirical values A unit difference is assigned to unlike 
nesses as distinct as those represented b> the main pattern t>'pes v»hoTls 
ulnar loops radial loops simple arches tented arches A half unit differ 
ence is assigned when two patterns belong to the same general type, but 
differ as do minor varieties of whorls A half unit difference applies also 
to two patterns morphologically doseI> allied to each other, such as an 
ordinary ulnar loop and one practically reduced to an arch The total 
difference in the comparison is the sum of the unit and half unit differences 
Its percent value is expressed m relation to the maximum difference 
possible for the specific comparison—m five couplets or ten according 
to whether the comparison concerns single hands or right and left hands 
combined The same procedure is followed m the palmar features below 

(c) Speafic differences in palmar main bnes and anal tnradii also 
are rated by empirical values There are five items m this comparison 
four mam lines and the axial triradius Unit values are recorded when 
corresponding main, lines end m zones as wide!) separated as ii and p 
p and 7, 6 and 5, or when one of the lines is absent Half unit values 
apply to corresponding lines which lerminale in ad)oming positions such 
as f and j", 5' and 4 4 and 3 upper zone of 3 and lower zone of ? 10 
and p 10 and u, A and x, A and p A and 5 or 7 An independent termma 
tion in one line and a dual termination m the other with one mam number 
m common, such as n and ixjy or p-7 and 7, also is valued as a half unit 
For axial Inradji, i is valued as one unit difference from 0 i!\ or tr*t t is a 
half unit difference from i* or as arc ( from f', and the presence of an 
ulnarward / as distinguished from its usual absence 

(d) Each of the five palmar configurational areas is subjected to a 

similar quantitative analysis In the hypothenar area A** is one unit 
difference from and from If, or other true patterns Except 

ts noted below, loops of the thenar and interdigital areas are rated as of 
one unit difference from IT, 2 ?, i, V, V or 0 Half unit differences are 
entved when two compared hypothenars are and A* and 0 

d" and L' (or and i"*,also for thenar and interdigital configurations 

L and L/V (or L/ 0 ), L and /, D and rf, O and V (or 12 ), V and M ' 

* Tht «SAgnTnCTJl cl some oi tbesc values sboold be rmnseii lo dupl ratmgs 

of difference For example the half unU d fferenee bcUeen A - and A*/AUi a repetiUon of the 
value already auj^ed to Ihe i and f which aw the assoaales of these 
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MacArthur recommends additionally indices of pattern form presence 
or absence of twisting ndge counts on toes pattern types on toes plantar 
mam Lncs plantar patterns He mentions further that the configurations 
of the basal phalanges of fingers have proved useful With this method 
MacArthur makes comparisons of bilateral homolateral and heterolateral 
differences in twins and in single bom individuals (Table 42) 


TABLi^ 42 

AvERACe heUBSES OF DlPFEKEKCLS IV QCAVniATTVE \ ALUT PATTERN Ty>E PaUIAR 

Main line Tervinations and Paimar Patterns Jv Commuting toe Average Percent 
Difference Eo^al Weicbts Are Civex the Focr Traits 

(J/a^Ar/iar) 
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In the monozygotic pairs bilatc al differences usually are greater than 
homolateral differences this being rever ed in dizygotics In 84% of 
dizygotic pairs both bomolateral and bctcrolateral differences are greater 
than bilateral differences in the same proportion of niono^gotics both 
bilateral and heterolateral differen^s are greater than the homolateral 
though in instances of ‘ a 5 )Tnmctry reversal * the heterolateral difference 
IS reduced MacArthur formulates this rule If a pair has no more than 
30 percent homolateral difference m hands the probability is 84 percent 
that they are monozygotic, if they have more than 30 percent homolateral 
difference the probability is 90 percent that they are dizygotic 

Essen Mollcr (189) introduces a diagnostic formula for twins (in 
principle the same as his formula applied id questioned paternity) 
The formula depends on the relationship of frequency of a character in 
dizygotic twins (B) as compared to the firquency of the same character 
in monozygotics (A) The unlike proportions of monozygotics and di 
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zygotics are adjusted by a factor derived from the proportion of mono 
zygotics among same sexed twins (26 63, m the population which he 

analyzes) The factor is = i 423 The formula (applied to a 

single character, as it would be in the instance of a selected trait such 

as the ndge number) is-^ It may be extended by continued 

I + r 423 X 

multiplication of B/A for each of the traits observed thus 

_I_ 

I -Bi Bi 

' + ' ^ T,^ A, 

The value signifies positive monozygosity when vt approaches xoo%, 
and positne dizygosity m approaching 0% The mean probability in 
dizjgotics IS 30 6% and m monozygotics 69 4% (190) Using as finger pnnt 
cntena the difference m total ridge count Essen Mollci compares a 
group of dizygotic pairs (the diagnoses being unquestionable since the 
blood groups differ) with a senes of monozygotic twins diagnosed bj 
several cntena (Table 43) 


TABLE 4 i 

Dirrziesces is Total Ridge Coont Theie FBEQtEsaES and the PsoBisiirTy Valctes 


Mtitncn m total 
ndge number 

Dizygotics 
(73 pairs) 

MonorygciOcg 
(47 pairs) 

Probability 

40- i 

41 4 % 

0 19% 

1 

0 s% 

30-39 

17 6 

■ ” 

” 3 


U 3 

10 00 

41 2 


*5 7 

3 * 70 

1 66 7 

0- 9 

16 0 

1 30 

78 r 


Pattern Type Stocks (245) makes homokteral comparisons oi 
correspK)nding digits in each twin pair If seven or more couplets have 
similar patterns the pair is diagnosed as monozygotic there are 

five or less agreements the pair is di^gotic, and if there are six agreements 
(or a doubt between five and six or between six and seven) other bodily 
trails must be used for diagnosis TTus author holds that one out of four 
pairs may be diagnosed by finger prints alone In an altemaUve method, 
heterolateral comparisons are included In elaborating on the method 
(246) he adds that seven digital couplets with like pattern type give odds 
50 I in Ia\or o£ monozygosity 
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In his 1941 publication Geipel refers to a study, in press, on con 
cordance of pattern tj-pc Companng homologous digits of the two mem 
bars of a pair he reports in 583 same scxcd dirygotic pairs, 5 2% of cases 
m which more than se\en digital couplets are discordant Among 596 
monozygotic pairs there is no pair showing more than seven discordant 
digital couplets He concludes therefore that a twin pair showing dis 
cordance of pattern type m more than se\en digital couplets is almost 
certainly dizygotic 

In Danner’s series of 85 pairs of twins, Stocks dictum regarding 
pattern type fails in 19 pairs Fourteen of the fraternal pairs have more 
than SIX couplets of hke patterns and there are 5 pairs classed as mono 
zygotic having less than six couplets of the same typ>e 

TABLE 44 

LomG*& \ ALizs OP DerPEtevres ix Patteen Tvte and Dieechon 

D ffcrcnce 


Difference V aIucs 

Loop tod wLorl t 0 

Loop aad trcli x c 

Ktck and vborl s 0 

Loop and transitional pattern e 

Whorl and trana Uond pattern o 5 

Arch and tranaiUonai pattern 0 5 

Ulnar and radiiJ directions of the same pattern type o 5 

Syreoetry revemi of right and left 0 $ 

Difference of pattern in d fita III and It 05 

Difference of pattern in d giU IV and \ 05 

Difference of pattern m digits I and !1 05 

Difference of pattern between I and III It or \ to 

Difference of pattern between 11 and !I I 1 % V 10 


Volotzkoy uses pattern intensity rather than the desenptive pattern 
type He claims that intra pair diflereoces of six or more tnradii indicate 
dizygosity In the intra pair compansons of monozygotic twins he finds 
cases contrary to Stocks, in which five, six or even seven pairs of digits 
are discordant xn pattern type 

Most authors compare pattern type, as well as some other finger 
print traits, m couplets of homologous fingers Lauer and Poll, however, 
show that there is a relation not only between corresponding digits, but 
also among fingers of the same hand The digits particularly thus asso 
ciated are Ilf with IV, and IV with V, digits I and If also are associated 
in an obscure way, but rarely is there an indication of such relation 
between I or II and any of the other digits 

Lottig applies this pnnaplc id a twin analysis and though his senes 
is small (ten pairs each of mono^gotics and dizygotics), the results suggest 
possibilities of further investigation Like MacArthur, he constructs a 



TWIN DIAGNOSIS 


243 

scale of arbitrary numencal values (Table 44) for rating the differences 

of pattern type and direction, and reports the quantitative differences 
(Table 45) 


T^BLE 4, 

DiTJERrscE Values of Patteen Type ako Dificcrios is 30 Pairs of T^nss 

(Lottii) 


^tonozygotica 

Dtz) gotscs 

0 0 

f 0 

0 s 

2 0 


3 S 

1 0 

3 S 

t 0 

4 0 

I 0 

4 9 

1 0 

9 0 

» 0 

9 S 

2 S 

6 5 

> S 

It 0 

Averig« t a 

4 a 


Pattern Form Ennenbach finds that the maximum intra pair 
difference in the form index (ten digit average) of monoaygotic twins is 
X03 He agrees with Geipel that a difference of 15 or more points in the 
index would indicate dizygosity However^ among his dirygotic pairs the 
majority display differences less than 15 points showing that the diag 
nostic value of the form index is limited Ennenbach regards quantitative 
value as the most important dermaloglyphic items in twin diagnosis, 
cushioning as a useful supplement and pattern form as of slight aid 
Fukuoka, judging pattern form mainly on the basis of digit IV reports 
that m 135 pairs of monozygotic twins there is no instance of intra pair 
discordance, which contrasts with a discordance of 53% in opposite sexed 
dizygotics 

Quantitative Value Geipel concludes that a pair of same sexed 
twins presenting a difference of more than 40 ridges m a total count may 
be considered almost with certdint> diz>gotic (Table 35) He cautions 
that m instances presenting a difference of about 40 ridges reliance must 
be placed on other charactenstics In twins with a difference greater than 
60 ndges the diagnosis of dizygosity can be made with certainty 

Fukuoka observes in dizygotic twins an average difference in quantita 
tive value nearly six times as great as in monozygotics when all ten digits 
®re considered, and three to four times as gmat when the hands are com 
pared separately In monozygotic twins the average bilateral differences 
somewhat higher than homolateral differences The coefficient of 
correlation between corresponding hands of monozygotics is slightly 
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higher than that between right and left hands of the same individual, 
the same trends are reported for ndge counts between palmar digital 
tnradu 

Danner records a range of difference of o-ix ridges m monozygotics 
and 0-36 ridges m dizygotics 

Rife (236) analyzes 20 pairs of carefully diagnosed monozygotic twins 
The mean intra pair difference in quantitative value is 4 o, and the mean 
in TOO sibling pairs is 14 9 The maximum mtra pair difference m the 
twins is 8, and m the sibbngs it is 51 In four twin pairs there is no differ 
ence in quantitative value, while among the 100 pairs of sibbngs only 
two pairs are equivalent 

Minor Cokfigurationae Characters Newman (225) places weight 
on close resemblances in minor configurational features believing that 
resemblances such as those shown in fi^re 144 are sufficient to indicate 
monozygosity The resemblance to which he refers is of course not a 
correspondence m minutiae though the disposition of ridge details may 
be similar m two patterns (Even this degree oflikcness is not an absolutely 
dependable guide to monozygosity, for even with unusual and complex 
configurations a striking resemblance may exist in two individuals who 
are fraternal twins, siblings or parent and child) 

Palms xvt> Soles Meyer Heydenhagen provides detailed information 
relating to the palmar dermatoglyphics in a large senes of twins The 
unhkenesses of palmar dermatoglyphics m monozygotic and dizygotic 
twins, already indicated in MacArtburs scheme of diagnosis are m full 
agreement with the contrasts m finger pnnts One of her general con 
elusions of particular interest is that reversal of asymmetry is not a 
characteristic of monozygotic twins, contrary to the claim of Newman 
and others The same negative finding is reported by Rife and Cummins 
Vi-^wing the palmar cbaractenstics from the standpoint of the develop^ 
mental mechanism, Meyer Heydenhagen concludes that most of the 
dimensional and configurational features particularly the hypothenar 
area are quite environinent labile The most environment stable traits 
are larger whorls m the thenar and fourth interdigital areas, well expressed 
loops m the thenar/first interdigital area, loops with accessory tnradu 
in interdigital areas II, III and IV All tnradu appear more stable than 
the patterns assoaated with them 

Montgomery analyzes the plantar patterns m 57 pairs of same sexed 
and 30 pairs of opposite sexed twins Aiming to determine how many 
pairs are ' identical” he sets the following spcafications (a) Either all 
four soles, or both nght and both left soles must have the same pattern 
formulae (W ilder’s formulation), (b) There must be no marked differences 
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m configurational character of patterns having the same formula Thirteen 
of the 87 pairs (14 9%) conform to these speafications and all ezcept 
one of these pairs are of like sex The formula m the exceptional case is a 
frequent one occurring m about 10% of the genera! population hence 
the concordance here is not significant If the concordant pairs are accepted 
as monozygotic, there must remain among the 57 like sexed pairs a 
number of monozygotics whose intra pair differences exclude them 
from concordance as defined Alontgomery concludes that while conform 
ity to these speafications may point to monozygosity non conformity 
does not necessarily indicate dizygosily 
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Perspectives 

ADVANCES in development of methods for evaluating the proba 
XX bibty of paternity have been made mainly m Gennany and in 
Austna, and espeoally through the contributions of Joseph \\eninger 
and associates in the Anthropological Institute of the University of 
Vienna A group of investigators attached to this Institute has been 
engaged in a program of studies directed toward the evaluation of a wide 
vanety of structural and physiological traits for proof or exclusion of 
paternity 

Blood groups can be relied upon m some cases to exclude the possibihty 
of patemityi but never do tbe> serve to establish relationship Unless 
the possibility of paternity is ebounated by blood groups, resort must 
be made to other traits in the attempt to exclude or incnminate the 
putative father So far, dermatoglyphics have figured only in a small 
way m cases of questioned paternity 

Excellent discussions of the field of questioned patenuty are available 
in articles by J IVeninger and by Schrader Harrasser (205) reviews the 
statistics on roo cases investigated by the Institute in Vienna His digest 
(including dermatoglyphics but largely concerned with other traits) 
embraces a total of 336 putative fathers la $3% of these cases the evi 
dences were of great value, and in 20% they were useful, leaving 27% 
unsolved The numbers of instances of proof of patenuty and of exclusion 
of patermty are nearly equal 

A case reported in 192S by Scbliger illustrates the action of a court 
which at that time was justifiably hesitant to accept finger pnnt testimony 
m the issue of questioned paternity A lower court had granted the claim 
of a plaintiff that a certain man was his illegittmate father The defendant 
then took the case to a higher court where blood groups and finger pnnts 
were presented m evidence Patenuty could not be excluded on the basis 
of blood groups, but the finger print expert declared that the accused 

*46 
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could be excluded with a “probabdity bordenng on certainty ” The 
higher court did not reverse the earlier decision on this evidence taking 
the position that the use of finger pnnts in this connection was too con 
tested and the methods too recent and untried Even m the present state 
of knowledge, dermatoglyphics can claim a place only as a minor accessory 
m cases of questioned patermty, there are as yet no laws of inheritance so 
firmly substantiated that they qualify for rule of thumb practice 

Specific Methods 


Geyer points out that the catena used in problems of questioned 
paternity vary in significance, according to several quahtative and 
quantitative attnbutes To meet the demands fully, a characteristic 
must be clearly definable, its mode of inheritance must be known and 
it must be environment stable and age stable Finally, the frequencj 
of a charactenstic in the population at large must be considered in relation 
to Its occurrence in the examined individuals since m general the probative 
value of a concordance between a child and putative father vanes in 
versely with the frequency of the trait 

In 1937 Essen Moller pubhshed his formula for assessing the chance 
that a putative father is the true father of a child m question The formula, 
embodying a senes of anatomical and serological items, resolves the 
probability in percent The probability of paternity (P) is determined in 
terms of first, the frequency m “true fathers’ of occurrence or absence 
of a particular charactenstic in their children (Y), second, the frequency 
of the occurrence or absence of this charactenstic among “false fathers’ 
(F), that 15 to say, in the general population of the same raaal stock, and 
in males if there is a sexual difference m frequency Frequencies in the 
general population (F) are determined empirically, and values for many 
dermatoglyphic characteristics are already available m pubhshed statistics 
Since the genetic process m most dermatoglyphic features is complex and 
but httle known, it is not feasible to calculate frequenaes in true fathers 
(Y), hence collections of family matenal must be examined for obtaining 
observed frequenaes 

The formula where only one trait is considered, is P =-p For a 

^+1 


senes of traits the formula is expanded to P — 




An example presented by Geyer may be mentioned as an illustration 
of the formula in use A certain charactenstic of the car (band formed 
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helix) occurs in i 77% (o 018) of the Viennese population, it is age stable 
and of like frequency in the sexes This value is I Among true fathers 
of children who possess this character the frequenc> is 13 3% (o 133) 
this being A ^\lth these values inserted m the formula a probability of 
88 3% IS obtained indicating that if there were 100 such cases the putative 
fathers would be judged as true fathers about 88 times and excluded 
from patenuty about 12 times When paternity is not excluded b> blood 
groups the Y/X values of a senes of Ciaits are detenmned selecting 
traits which are genetically independeot Thus one would not include both 
hair color and eye color, because of their genetic association So far as 
finger prints are concerned, the independence of epidermal thickness {V) 
radial cushioning (R) and ulnar cushioning (CO seems to be established 
For the same reason some palmar and plantar dermatoglyphic features 
would justify inclusion m the diagnostic formula To continue with 
Geyer s example The child and putative father both have the band 
formed helix, both have blood group 0, epidermal thickness m the child 
IS VVf and in the putative father jt is Vv The respective Y/X values for 
these traits (as determined m the Viennese population) are 0133 c 59s 
and 0 638—which when inserted in the formula give a probability of 
paternity of 95 2% 

Bonnevie is cautious with regard to the use of her anal>ses of the 
genetic process m proving or excluding paternity, though she predicts 
that with further investigation finger pnnts may take their place with other 
characters which have a simpler mechanism of inheritance She states 
however, that paternity might be detenmned jo cases having rare patterns 
or rare combinations It may be added that minor pattern charactensties 
would be of service m instances of dose resemblance between child and 
putative father Other authors also urge caution espeaally when the 
observations can not be supplemented by examination of relatives of 
those immediately concerned in the case Hahoe in a v ery limited material 
of seven families and with rather inexact methods of pattern comparison 
IS unable to point to a single instance in which resemblance between father 
and child would aid m establishing paternity (He alludes however to 
instances of resemblance between mother and child } 

PATTEIl^ Type Bohraer and Barren state that in cases presenting 
conspicuous similanty of infrequent patterns pattern type may be 
valuable as an indication of patenuty It is their opinion that the con 
figurational expression is too variable to admit classification under a 
few set types or values and they consider that the evidence must be 
evaluated in each case individually In at least one third of their cases 
they note a distinct resemblance to one of the parents 
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Double cored Patterns On the basis of hi5 rules regarding the in 
hentance of double loops (Chap 13), Nnmberger formulates the following 
pnnaples (a) When the child and one putative father have double loops, 
which are lacking both in mother and other putative father the man 
beanng double loops is the more probable father (b) W hen mother and 
child bear double loops this pattern character is not applicable m the 
question of paternity (c) WTien a child lacks double loops and they are 
present mboth the mother and assumed father this is no evidence against 
the patermlj of the man m question 

BonneMe, xsith v.hom MuHer and Ting agree considers that the 
genetic process of double loops and other double cored patterns is too 
uncertain to allo^ for application in paternity cases 

Pattern Forit Jfueller suggests that his rules on the inheritance of 
pattern form (Chap 13) may be occasionally useful m determination or 
exclusion of paternity, though he makes the reservation that age changes 
of pattern form rnaj disqualify this trait when young children are in 
volvtd He formulates three rules (a) If a mother has m each band 
at least one elliptical pattern and the child only circular patterns, the 
presence of elliptical patterns m both hands of the putative father would 
speak against hi 5 paternity (b) If a child has in each hand at least one 
elhptical pattern and if the mother has all circular patterns the true father 
IS expected to have at least one elhptical pattern m at least one hand 
(c) Paternity is improbable when the mother has only orcular patterns, 
the putative father only circular patterns and the child has in either hand 
at least one intermediate pattern 

NUmberger formulates these general rules (a) If one of tno putative 
fathers has elhptical patterns and the other does not the latter is excluded 
when the child has elliptical patterns and the mother none (b') If the child 
and one putative father have arcular patterns while the mother and other 
putative father have elliptical patterns, it is highly improbable that the 
man with elliptical patterns is the father (c) When the child and mother 
both have elliptical or circular patterns it is impossible to make any 
determination of paternity 

Muller and Ting regard Nurnberger's rules as invalid Though these 
cnlics offer no real evidence against the method Geipel points out th^ 
the extreme infrequency of elliptical patterns (eg > 9 % ^ 

would tender the rules largely mappbcable in practice 

Geipel uses the average index of the ten fingers and nfaile warmng 
against over-confidence m any rules he presents the following (a) When 
mother and child both have a low tcn-digit index it is improbable, theo¬ 
retically impossible, that the child’s father would be one with a large 
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average index The reverse sitoation is equally true (b) If mother and 
child both have an intermediate average index, probability of paternity 
usually cannot be established (c) If the mother has a high index and the 
child a low one, the establishment of paternity is theoretically impossible 
He adds that instances with intermediate form indices involve special 
difficulty 

Geipel (198) reports a case in which the accused man had a small index 
below 80 the mother an intermediate index, below xio, and the child a 
high one, over 120 The accused, according to this, could not be the father 
a conclusion which agreed with the collateral evidence 

Quantitative Value Von Wehren, in a large family material, esti 
mates the efficiency of quantitative value for the exclusion of paternity 
Transposing fathers from one family umt to another m the companson of 
prints, he finds that m ten different combinations paternity may be 
excluded on an a\erage of r 9% of the children and 2 1% of the * families * 
By the same exchange method Mueller (221) finds tbat paternity can be 
excluded m s 3% of children and 7 8% of ‘ families ’ Bonncvie s earhcr 
method (44) is considered by von Wehren superior to the newer one since 
it yields fewer exceptions to the rule tbat quantitatne values of the chil 
dren he within the vanational limits of the parents 
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Concepts Underlyikc Racial Comparisons 

G lassifications of peoples may be founded on physical char 
acters culture language or geographic distribution Consideration 
of structural and phj siological characters lies m the field of physical 
anthropology Many physical characters (eg stature head form nose 
form slcm color eye color hair color hair form blood groups) have been 
used m defining races The classification obtained one character or 
set of characters may confiict with that resolved from others Dcrmato 
glyphics It will be shown display raaai variations which in general are 
m accord vnth classifications based upon other traits 

A troublesome but apparently unavoidable comphcation is use of the 
word race a term so variously apphed and so ill reputed that its sense 
in this discussion of racial vanalion must be e^iplamed In our sense 
race is equivalent to breed with the same biological connotation 
as that applying in breeds of dogs cattle or other domesticated animals 
Just as reference is sometimes made to the human race designating a 
group of beings distinct from all other forms there may be set apart in 
accord with biological qualities diRenng from those of other chief groups 
a broad division of mankind eg W hite race Again the race 

might be divided into races each having distmctu e phj si cal characters 
The sense of race m these examples applies to a group whether com 
prehensive or limited marked bj common characteristics traceable to 
inheatance One shortcoming in such use of the word is lack of indication 
of major or subordinate rank Fortunately we are not attempting to 
establish a speafic classification and have no need of a scaled nomenclature 
for races Our naming of racial samples is not planned to conform to an> 
consistent classification of races At one moment it may be convenient to 
refer to \\ bites as a major race and the next mention of a raaai difference 
may contrast lvo^\^eglans and Itahans the designations being based upon 
nations National populations are not on a pat with groups separated on 
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the basis of biological characters* the races of customary anthropological 
usage The distribution of biological qualities does not conform to political 
boundanes In Italy, for example, two races are represented—^Alpines in 
the north, and Mediterraneans in the south 

It IS necessary however, to construct a working classification, so that 
related raaal samples may be combined In terming any group a race there 
IS no intent to conflict mih established classifications Since many wnters 
on anthropology adopt a classification comprising three mam races— 
White Yellow brown and Black—this grouping is followed here 

Included in the group of JVMes are the populations of Europe and of 
sections of Asia and Afnca bordering the Mediterranean Sea In the usage 
of most authors three or more races of Whites are distinguished The 
MedtUrraneans comprise European and extra European populations of 
regions neighboring the Mediterranean Sea, the Alpines are typified by 
inhabitants of Switzerland northern Italy, southern France and southern 
Germany, while ate lyptfitd by peoples of the Scandinavian 

countnes and northern Germany Among Whites also are the Hindus and 
closely related in many characters though of doubtful position, some other 
groups such as the Amo The YtUo^rwn peoples, iloniohanSf include 
not only Japanese, Chinese and related Asiatics but also Indians of the 
Americas The third mam raaal group, the Blacks, embraces the Kegroes of 
Afnca, both typical and dwarf types, Philippine Xegntosand Melanesians 
Two landmarks in the history of knowledge of racial variation m 
dermatoglyphics are Gallon*s Finger Pnnfr and Wider s Roctal dtfttenca 
in pdm and sole configuration In his Chapter 12, Gallon compares four 
raaal senes (English, W elsh, Jews and Negroes) with regard to frequencies 
of arches on index fingers The only outstanding contrast in the four groups 
IS between the Engbsb and Jews, where the respective frequenaes of 
arches are 13 6% and 7 9% In Jews the lower frequency of arches and 
to some extent of loops also, is compensated by increase m whorls Galton 
states emphatically that there is nopecuhar pattern which is cbaiactenstic 
of any of these groups and that the only differences observed are unlike 
frequenaes of the same pattern types 

In a general article on palms and soles Wider remarked m 1902 that 
“it would be of much interest to compare the sculpture of the palms and 
soles in the vanous races of men as It is at least possible that there may be 
suffiaent difference to constitute important raaal character!sties His 
paper of 1904 concerns an investigation of palms and soles in ’Maya In 
dians, ^Tutes Negroes and a few Chinese Among other contrasts he 
observes in the Maya a high frequency of palmar thenar/first interdigita! 
patterns and infrequent hypothenar patterns His observations on the 
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distinctions of Maya Indians Whites and Negroes have been repeatedly 
confirmed Like Gallon Wilder stress^ the absence of morphological 
peculiarities diagnostic of race m the individual The distinctions observed 
are therefore unlikenesses in the frequenaes of characters that occur in 
all races 

Wth the accumulation of records for many raaal senes it is now 
assured that raaal differences m dermatoglyphics are real The rois 
understanding of a distinguished Bntish anatomist writing as late as 
1939 may be typical of an erroneous view held possibly by others This 
anatORUst states without indicating in context whether the remark 
applies to morphological characters or to statistical trends Attempts to 
estabhsh racial differences in the papillary ndge pattern of the fingers 
and of the palm of the hand have led to negative results Heindl an 
outstanding authority in his own field of finger print identification and 
criminology pubhshed in 193s a pointed denial of the reality of statistical 
expressions of racial difference Noting that the frequenaes of finger print 
types in European peoples are fairly uniform he claims that all the re 
ported departures therefrom id other raaal senes are due solely to the 
use of samples too small to yield reliable frequencies His argument ignores 
the fact that reliability of racial differences is demonstrated both by 
accepted tests for statistical significance and by the repeated finding of 
the same distinctive trends m different collections from the same raaal 
stock even when the senes are small 

The status of raaal vanation in dermatoglyphics may be better 
appreaated in the hght of differences in other traits Some raaal char 
actenstics are so deeply ingrained genetically that they appear in all 
individuals of a race It would not be difficult to recognize as a Mongolian 
an individual with straight black hair yellowish tinged skin and epicanthic 
folds of the upper eye lids If however one confined examination to some 
isolated feature—e g head form stature or blood group—an individual 
would not be assignable to his race because each of these traits vanes 
inter raaally only with respect to frequenaes A race might be pre 
dommatingly short statured round headed or of blood group O Similarly 
a race might be distinguished by relatively many arches and few whorls 
among finger patterns An individual who has many arches and few whorls 
can not be diagnosed as to race an) more readily on the basis of this 
characteristic alone than an individual about whom we know only that 
he IS short in statur^-stSfitfheaded oToW^lood group 0 AH such traits 
enter into the rarfSfcbaracter of a mass sample Their more frequent 
occurrence in individuals of some races determines the trend which makes 
the group distinctive 
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Derhatoglvphics as Criteria tor Racial Comparisons 

Biological and Technological Qdalipications In a valuable 
cxiUque of methods of clasafying mankind Boyd^ emimerates certain 
requirements which should be satisfied by catena chosen for human 
classifications These requirements arc here listed and under each the 
degree of qualification of dcnnatogl)rphics is bnefly indicated 

(a) The critena must be objective so that individuals will be classified 
consistently by different observers The methodology of dennatoglyphics 
IS now so standardized that constancy in determinations is suffiaently 
assured As a result of intensive interest in finger prints descriptive 
methods for these features progressed rapidly to the point of stability 
and abundant data from different races are on record In the case of palms 
and soles less matenal has been accumulated additionally some of the 
earl) records based upon methods noii superseded admit at best on]> 
tentatne translation into terms of current methods 

(b) The traits used m raoa) classification must not be subject to 
extensive environmental modification This requirement is met by derma 
toglyphics which are not modifiable post natally 

(e) Ideally a entenon chosen (or rdaal companson should be one 
controlled by a simple and known genetic process Dermatoglyphic fea 
tures unfortunately are like most other traits which figure in racial 
classifications being regulated by a complex and incompletely understood 
genetic mecbatustn 

(d) The traits should be non adaptive thus ehmmatmg effects of 
natural selection Derma toglyphics satisf> this condition probably as 
well as any physical chanictcnstic and belter than many The supenonty 
of patterns oier patternless configurations both m heightening frictional 
resistance and m increasing tactile acuity is recognized (Chap 2) but it is 
extremely doubtful that the difference between a pattern and a patternless 
configuration or between two pattern types has any selective value what 
soever Gruneberg (202) concedes the improbability of a direct selection 
of qualities of dennatoglyphics but be holds that selection may still have 
been indirectly responsible for effecting racial differences in these features 
He asserts without offering evidence that there may be genetic linkage 
with traits which do have a selective value Actually derma toglyphics 
are not thus correlated with diaraclenstics that have been tested (Chap 
16) and their genetic independence (from head form nasal form general 
body build and blood groups) adds a distinct advantage for use in racial 
companson 

Aca J PI175. Anthropo! vol 77 ^ 337-364 1940 
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(e) To be fully qualified, the cntenon should not be subject to a high 
rate of mutation No investigations have been made on mutation rate in 
dermatoglyphics, but the character of dermatoglj’phic variation suggests 
that mutation is a negbgible factor in the production of racial differences 

Choice or Traits Dermato^yphic characters are hentable, hence 
dependent upon the action of genes, and since races vary statistically in 
frequenaes of particular features, it fohons that they varj also in fre 
quenaes of genes Charactenzation of a race would be stated ideally m 
terms of gene frequencies, because the actual expression of features in the 
individual (phenotype) may differ from the genetic prospect (genot>pe) 
These matters are discussed in Chapter 12 where all the available calcu 
lations of gene frequencies are brought together in table 38 Few raaal 
samples are represented, and the only genes thus far investigated are 
deterrmned from ndge counts in finger patterns (epidermal thickness V, 
radial cushioning, R, ulnar cushioning, U) Pending confirmation of the 
genetic process in dermatoglyphics and accumulation of proved data on 
gene frequenaes in many representative raoal samples, it will be neces 
sary, as vn the case of most bodily traits, to compare races only on the basis 
of phenotypes 

Having limited the comparison (o phenotypes the first question 
involves the selection of regions and speafic dermatoglyphic characters 
which meet the needs for racial comparison Shall it be fingers palms, 
soles or toes—or shall all regions be considered > This question is in part 
already answered by limitations of available records Frequencies of 
pattern types 10 toes are known only in four racial samples (Table 17) 
Raaal distinctions are evident, but this material is too meager for com 
prehensile comparisons The situation is more satisfactory with regard 
to data on plantar configurations, and still larger material is available for 
palms Finger prints have been studied most extensivelj and are thus 
favorable as the principal foundation for raaal corapansons Two points 
are significant in connection with this emphasis on finger prints Twin 
studies indicate that finger patterns may be more rigidly controlled 
genetically than dermatoglyphics of other regions (Chaps 12 and 13) 
There is a degree of correlation m pattern expressions of different regions— 
fingers and palms, fingers and toes palms and soles (Chap ii), to that 
degree, therefore, trends of palmar, plantar and toe configurations would 
only reinforce conclusions drawn from analysis of finger patterns 

A rough measure of interraaal variability in different dermatoglyphic 
regions is obtained from the following analysis Finger patterns, palmar 
mam lines, palmar patterns, and patterns of the distal sole (but not toe 
patterns) are all available from sufficiently diverse populations to provide 
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for the desired calculation European-Amencans, Germans (or Italians 
m the instance of finger patterns and plantar patterns), New Mexicans 
of Spanish descent (available m two samples, one of which shows signs of 
Indian admixture), Jews, Eskimos, North Amencan Indians, Indians of 
Mexico and Middle Amenca, Chinese, Japanese, GUyaks, Oroks, Siamese 
(for soles alone) Negroes (East African Negroes for fingers and Libenan 
Negroes for other features) Values for finger and plantar patterns arc 
calculated from indices of pattern intensity, palmar patterns from percent 
frequenaes, and palmar main lines from main hne indices In the case of 
palmar patterns calculations are made not only for all configurational 
areas collectively (average of the percent frequenaes of patterns in the 
five areas) but also for the individual configurational areas, the same 
procedure is followed for patterns of the distal sole, where four configure 
tional areas are analyzed In each deterounation, e g, pattern intensities 
of finger prints or mainline indices, the eleven values are averaged 
Deviations from this mean are then averaged, and the result stated as the 
average deviation finger prints, 64%, palmar main lines, 7 8%, palmar 
patterns (collectively), 105%, plantar patterns (collectively), 18 6%, 
Higher deviations indicate greater vanabibty among these raoal groups 
It IS to be noted that unlike technical methods are applied m different 
dermaloglyphic regions Such technical uohkeness, for example between 
the statement of total pattern intensity for finger prints and the evaluation 
of palmar patterns m terms of percent frequency, might introduce dis 
crepanoes m the weights of the different regions The fact remains, how 
ever, that the technical methods applied in obtaining these results are the 
same methods which are to be rtbed upon m racial comparisons 

Two factors must be considered id interpretation of the data just pre 
sen ted (a) It is impossible tn this roatenal to discriminate between 
phenotypic vanation and genetic variation Twin studies disclose a similar 
order of increasing phenotypic variation m (he several regions, and inter 
racial variation is m all IdUlihood equally subject to phenotypic mfiu 
ences (b) WTiether the vanants are genetic or phenotypic m ongia, mass¬ 
ing of the five palmar, or the four plantar, configurational areas obviously 
obscures the distinctions of individual aieas The numencal values for 
average devutions (Table 46) roust inevitably be lower for the several 
configurational areas collectively than for any single area In general 
variations of these values arc related, inversely to some degree, with 
pattern frequenaes in the individual areas 

Not all the analytic methods applicable in any one region are used in 
the vanous samples Pattern type determinations in finger prints are 
uniformly available, but ndge counts, measurements of pattern form and 
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Similarly speaahzed analyses are made 50 infrequently that attention 
IS here almost confined to total Irequenaes of pattern type Consideration 
of even these data in detail would require an inordinate amount of tabular 
or graphic records 


TABLE 46 

Average Deviation's as<ovg Races or PATXERh Occurrekces in tjie Paui am> Sole 


Area 

1 

Palm 1 

Sole 

Hypolhcuar 

39 S^c 


Thcnar/Interdjgital !• 

49 7 

13 3^« 

InterdigiUl II 

3 


Interdjgital lit 

33 i 

! 5 

Interd gital IV 

1 

17 6 

: S4 3 


* HalfucAl in sole 


All dermatoglyphic traits embodied m raaal comparisons are deter 
mined by objective methods Standard definitions prescribe that a finger 
print IS to be interpreted as a loop, a whorl or an arch, that a palmar or 
plantar configurational area is of a specific configurational type and that a 
palmar mam line courses in a particular manner There is common under 
standing in the use of such methods because both the methods and the 
features to which they are applied can be preasely described 

It IS possible that racial differences occur also in features for which a 
descriptive technique has not been devised This possibility was recogniud 
by Galton, though with his diaraclemtic caution he maizes no final 
pronouncement on the question After pointing out that fingerprint 
patterns of Negroes are not definably different from those of the other 
races exammed^ he continues 

Still, whether it be from purefaniy on my part, or from the way m 
which they were printed, or from some real peculiarity, the general 
aspect of the Negro print strikes me as characteristic The width of the 
ridges Seems mote undorra, their mtervals more regular and their 
courses more parallel than with us In short, they gi\e an idea of 
greater simplialy, due to causes that I have not >et succeeded m sub 
Euttmg to the test of measuTcmcnt 

The same erpenence is indicated in a comcneat by Bridges (46) 

There is little doubt that skm patterns do display some general race 
characteristics, especially in pure-blooded groups of little intermingling 
This IS notably true of Negroes and Oneutals whose patterns are com 
monly distmctiNe enough to be recognized in an) accumulation of 
miscclUneous prints With fuulianty, the skilled technician finds it 
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possible to discriminate, although the aptitude is more easily accoutred 
than described 

In our own contacts with comparative raaal matenal we have sensed at 
times that there are some trends of vanation which elude objective treat 
ment For instance, while czatmmtig the dermatcrglj^phics of a senes oi 
Eskimos we were impressed by pecuhanhes of the balJucal area of the sole 

Open fields present a singular hi^ frequency (23%! A further 
point, which can be appreciated only by examination of the prints 
themselves and comparison with other senes is the frequent weak and 
irregular expression of the type forms of patterns especially the form 
know n as One who is accustomed io the usual expanse and con 
tour of patterns cannot fail to be impressed by the occurrence m 
this collection of many configuralions which are distinctly atypical, 
often appearing as if they a ere about to be effaced as true patterns to 
be superseded by open fields This irregularity suggests that the same 
factors conditioning the high frequency of open fields have operated to 
suppress the full development of true patterns (Am J Thys Antbro- 
pol, vol j 6, pp 41-49, I93») 

Materul and Method or Study 

Racial Saicfles A raaal sample is composed of a number of persons 
so chosen from a population as to represent fairly the character of the 
population as a whole The ccmposiuon of the sample by ages of the sub 
jects IS unimportant inasmuch as dermatoglyphics ate age stable To be 
representative, a sample for analysis of dermatoglyphics must satisfy 
certain requirements 

The sample must be selected at random It is obvious that derma 
toglyphic trails can not be permitted to influence the selection In view 
of known differences among some constitutional types (Chap z6) and the 
possibility of distinctive trends in others which have not been investigated, 
samples should not be obtained from sources likely to have concentrations 
of particular constitutional types (such as hospitals for the insane and 
penal institutions) 

Sexual composition is important, since the sexes differ in trends of 
variation The most satisfactory sample would contain both sexes, each 
adequately represented in number (ilaay samples on record represent 
males alone, or males and females combined in widely unequal numbers^ 
Exclusion of related individuals is particularly important m small 
samples, since introduction of faimbal peculiarities would produce devia 
tions from trends characteristic of the population at large Abel s senes 
of 68 Eskimos of eastern Greenland (265) may be mentioned as an example 
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of possibly distorted statistics attributable to familial composition In 
the finger pnnts of this senes there is a remarkable madence of 72 2% 
whorls and 08% arches This result is to be compared with respective 
whorl and arch frequencies of 43 8% and 3 4% m 273 Eskimos from other 
localities (The latter \ alues arc obtained from three independent samples 
collected in western Greenland St Lawrence Island and Point Barrow 
The three samples differ insigruficantly among themselves the values 
ated being weighted averages of their separately reported frequencies) 
Abel s matenal compnses several families with as many as six seven or 
eight siblings It seems quite possible therefore that this senes is not a 
representative racial sample A high whorl frequency (with attendant 
reduction of arches) in one or more of these families may have vitiated 
the characlenstic raaal trend Accordingly Abels sample of Eskimos 
as well as the Cummins and Sleggerda sample of Dutch (the latter 113 
individuals assembled designedly as a family senes) arc here omitted 
from racial compari<;ons 

Jfany of the recorded samples arc from cnminal populations Such 
records consist of relatively enormous numbers but it 1$ questionable 
that the advantage of numbers in these instances compensates for the 
lack of specific information concerning racial ongms (as well as the 
possibility of statistical distortion by coni^ntration of constitutional 
types) Some reported racial samples cspeaally those collected among 
generally inaccessible peoples are relatively small Dankmeijer (280) 
excludes from his comparative tables all samples containing less than 200 
persons Such exclusion is not always advisable for there may be available 
a small sample say only 25 100 individuals from a population important 
for racial comparison Use of small samples calls for caution in evaluating 
trends of variation The standard methods of statistics may be used to 
test the significance of results in small senes Small collections may reveal 
characlenstic racial trends as illustrated by several samples of Middle 
American Indians where time after lime the same directions of vanation 
are repeated This is not intended to indicate that a report of the der 
matoglyphics in several individuals (eg Hill on three \eddahs or Abel 
on sit natives of Tierra del Furgo) would be a significant contribution to 
raaal dermatogly^phics The case might be different if races varied in 
morphological characters but a senes of several persons is patently useless 
for revealing statistical trends 

Raovl CostPARrsoss 

Figures 145 148 are records of data gathered from published sources 
and adapted for graphic presentation These records for the features 
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selected form an essentially complete survey ol known racial samples A 
few reports, mostly Japanese publications remain inaccessible to us 
Whites European populations exhibit in their finger prints (Fig 145) 
a fairly definite ordenng which conforms to the division into Mediter 
raneans Alpines and Nordics Unfortunately the prease geographic 
origins of the individuals composing many reported samples are not known 
However, it is evident that Nordics ate distinguished b> low pattern 
intensity and Mediterraneans by higher mtenaty Alpines being probably 
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intermediate It is noteworthy that Hindus Arabs Synans (Mituah) 
and Jews show pattern intensities somewhat higher than those of European 
Mediterraneans Perhaps significant is the level of pattern intensity in the 
Amo a people of problematic relationship in pattern intensity as in some 
other physical traits this population closely resembles White stocks 
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In palmar patterns (Fig 146) there is no opportunity for want of 
material, to examine the possibility of distinctions among Nordics Alpines 
and Mediterraneans It is suggested, however, that European Amencans 
and Germans the only representatives of European \Vhites differ onl> 
slightly from Hindus Arabs Symns (Mitwali) Jews and Amo 

With regard to plantar patterns (Fig 147) the matenal is inadequate 
for broad compansons only European Amencans Italians and Jews 
being represented Jews tend to ha\e higher pattern intensity than other 
Whites this applies to finger pnnts most palmar areas and all plantar 
areas 

Palmar mam lines (Fig 148) in Whitts both European and extra 
European agree in presenting marked transversality, as indicated in the 
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mam line index and m the high proportion of type /z of Lne D In this 
Item the Amo show a less close relationship to the charactenstics of WTiites 
the frequencies of types 12 and 7 being more allied to Yellow browns and 
Blacks 

Yellow brow'ns The general characteristics of kellow brown or 
Mongolian peoples (as contrasted with WTules) are high pattern intensity 
in fingers (Fig 145) reduction of patterns in palmar hypothcnar second 
mterdigital and third interdigital areas and in Indians of Middle Amcnca 
a spectacular rise of thenar/first mterdigital patterns (Fig 146), reduced 
pattern intensitj m all four plantar configurational areas of the distal 
sole (Fig 147), tendency of palmar mam lines toward longitudinal align 
ment, the Eskimo being an exception (Fig 148) 

Blacks Blacks are distinguished by great dispersion with respect to 
pattern intensity of finger pnnts (Fig 145) The samples of typical 
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Negroes present intensities within the range of European Whites Bush¬ 
men have the lowest pattern intensity 3ret reported (9 87), and the Efe 
pygmies are but little higher At the other extreme are the South Mela- 
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arranged in the order of increase of the ratio Type 11 •** Type y B A conipanaon based upon 
the main line index 
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nesians and the Battta of West Kivu with extremely high pattern inten¬ 
sities Palmar hypothenar patterns, though less rare than in Yellow-brottn 
peoples generally, are less frequent than in Whites, while second and fourth 
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xnterdjgital patterns tend to be especially abundant (Fig 146) la the 
plantar configurational areas, espeaally haDucal and interdiptal IV, 
pattern intensity is high (Fig 147) Palmar mam hnes tend toward 
longitudinal alignment a character shared with the Yellow browns 
(Fig 148) 

Ikterpretation of Racial Differences The ultimate objective 
of raaal comparisons is the tracing of lines of raaal descent Questions 
at once anse as to whether the resemblances here catalogued indicate 
relationship, and whether differences may be relied upon m tracing racial 
denvation The solution of these questions must await more extensive 
investigation but in the meantime it is profitable to review the prospects 
of such applications 

A cruaal problem is to determine the signs which suggest that one 
stock IS more generalized or ‘'primitive,” than another Clues to ' pnmi 
tiveness” of dermatoglyphics among races are furnished by comparative 
anatomy (Chap g) With regard to finger pnnts it may be concluded that 
the sequence uhorlloop arch represents successive departures from the 
prmutive A race presenting a high frequency of whorU thus would be 
mote pnrcutive (disregarding bodily traits generally, culture or any other 
critenon that might be used in human clas»fications) than a stock present 
ing a low frequency of whorls Some human populations are more pnmi 
tivOi with regard to finger pnoU than apes (eg, chimpanzee) Indeed 
other dermatoglyphic regions in man also indiute a degree of primitive 
ness suggesting that man stemmed from an ancestral stock morepnrmtive 
than any recent ape having dermatoglyphic traits more closely allied to 
those of monkeys (Chap g) Even granting the assumption that abun 
dance of whorls is a sign of pnmitiveoess, it may not be justified to con 
elude that two races having equally high pattern intensity are on a par 
with regard to raoal genealogy, or that a race presenting lower pattern 
intensity is farther removed la the genealo^cal tree The factors under 
lying raaal divergence are complex, and it is impossible to assign shares 
to anaentness degree of isolation and other factors which render the 
history of races so in^oUTd The student of dermatoglyphics will not fall 
into the error of presuming that dermatoglyphic features now provide 
ready answers for refractory questions m the history of races particularly 
when he sees that attacks from many quarters have failed to yield a 
completely knit scheme of the affinities of races 

Difficulties m traang raaal affimties are multiplied when dermato- 
glyphic regions other than fingers arc considered It is not unwarranted to 
assume that as an indication of pnmitiwness high pattern intensity m 
palmar and plantar configurational areas has the same significance as 
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high pattern intensity in fingers The dilemma arising from this view is 
that a population presenting high pattern intensity in fingers may present 
relatively low intensity in palmar and plantar configurations, as in the 
Chinese for example It seems, therefore, that different dermatoglyphic 
regions may have independent courses of speaahzation in raaal evolution 
The situation becomes even more comphcated when the courses of palmar 
mam lines are introduced in raaal comparisons There is reason to think 
that the trend toward longitudinal alignment (indicated in reduced 
frequency of type // and reduced values of the mam bne index) is a 
derived condition, the tendeniy to transverse alignment being more 
primitive As a rule, races having high pattern intensity m fingers exhibit 
the longitudinal or specialized trend m palmar main hnes 

For reasons already stated it is possible that greater reliance m tracing 
racial afiimties may be placed upon finger pnnts Accepting this, the 
Yellow browTis embrace the most primitive stocks, and the most spcaalized 
are certain components of the Blacks and, among Whites the Nordics 
Whites, m general, and typical Negroes may be regarded as representing 
a fulcrum of pattern intensity They show intermediate degrees of intensity, 
being thus neither much speaaUzed nor near the primitive 

Gross geographic trends of pattern intensity are recognizable In 
Africa Asia and the Americas there is a tendency toward progressive 
reduction of pattern intensity from north to south, while m Europe the 
line of reducing pattern intensity is from south to north 

The possibility that ancient lines of dispersion might be reflected in 
dermatoglyphics is suggested by these distributions of finger print types 
Early human migrations have been traced by numerous investigators 
Taylor* emphasizes that early migrations must be considered with the 
idea that the continents are three ‘ peninsular’ offshoots from central 
Asia The three peninsulas ate Europe Africa southeast Asia with Aus 
tralasia, and northeast Asia with the Americas Taylor suggests that early 
migrations into the three peninsulas were mainly m the order of accessi 
bility Europe Africa, Australasia and the Americas Significantly, the 
postulated center of distnbution m Asia coinades with recent populations 
charactenzed by high pattern intensity In passing northward in Europe, 
southward in Africa and southward in the Amencas the populations 
exhibit progressively reduced pattern intensity This reduction reaches 
Its maximum m Africa, in the southern extremity (Bushmen) and in the 
central area (pygmies) Next m order of reduction of pattern intensity 
are populations of northern Euri^, e^ieoally the Scandinavian countries 


* Itumaa Biol, vol 13 pp 390-397 >9<t 
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Though in the Amencas there is a progression of diminishing pattern 
intensity from north to south, the level of intensity is relatively high, 
this IS suggestive in the light of the supposition that migrations to the 
Amencas were relatively late 

Istslaracixl VAiuABtLm Expression^ of \anability within a single 
race, a race m the most comprehensive sense are conspicuous ^Vhltcs 
for example, are divisible into races showing distinctive differences in 
dcrmatoglyphics as well as other traits Within a single nation say Italy or 
Germany, unlike trends of vanatton in dermatogl>phjcs are indications 
of the heterogeneous biological composition of a political region Only 
in German} and Japan have local variations been extensively investi 
gated The German studies are ated to illustrate such local differences 

Abel (267) reports variations 10 finger pnnts m individuals from 40 
localities in Germany, though his results are presented in incomplete 
form since the account is only preliminary Poll (302) makes an exhaustive 
study of populations frora 19 atbitranly divided regions cervenng all 
Germany (as of 1937) and Germanic Poland The material comprises 
S04X persons, each of whom is classified according to his birthplace 
(ignonng birthplaces of forebears) The data are analysed by an elaborate 
method, and to present the Ml results nould require a lengthy descnption 
of his procedure The populations of major geographic divisions of Gtr 
many may be characterized, boivever, m the simple terms of the desenp^ 
live method adopted here Populations of the north and ^est have 
relatively man} arches and few whorls, while m the south and east there 
are fewer arches and increased whorls Populations of the middle sections 
present intermediate frcquenaes of these pattern types The described 
distnbuticn conforms to the generabzatwn that whorls are found to 
dimmish in passing northward m Europe It agrees also with the separation 
of the German population into two races, the Nordic and the Alpine on 
the score of other physical traits 

Steiner surveys finger pnnts in 3582 school duldren born and residing 
m the Tettnang distnct He analyzes the nati\e matenal, using the whorl/ 
arch index in correlation with archeolc^cal and judjciar> histor} The 
local senes which yield an index abo%c 2 00 are from communities where 
there are pre Roman relics and where the judiaal s>stem is dislinctne 
Oower courts being independent of the upper) The senes having indices 
smaller than 2 00 onginate from communities which were settled later, 
communities lacking pre Roman relics and ha\ing the ordinary court 
system It is Steiner s opinion that the localities having independent lower 
courts probably preserve the influence in this respect of pre Germanic 
populations Tliese populations, be believes, were distinguished by a 
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higher whorl/arch index than that of the Germans who later occupied the 
section As a supplement, Steiner studied a (ew populations m Ravensburg 
a locaUty having an historical background not much different from that of 
Tettnang Here he found that senes ongmating from towns with old 
names yield high indices while those from towns with recent names 
jield lower indices Though Steinerresults are in need of verification, 
they are suggestive that dermatc^typhics may ha\e promise for correlation 
with the history of peoples 


Racial Hybrids 

It IS doubtful that any raaal sample, of the sort here considered in 
treating racial variation, is strictly homogeneous, or pure Admixtures 
of jnknowD kind and degree enter into the makeup of a race There are, 
however, some recent admixtures which invohe groups having contrasting 
characteristics and in which there is opportunity to test the behavior of 
the trends present in the two original races Observations m two h)bnd 
groups are here presented White X Black and White (Spanish) X North 
American Indians 

The study on Blacks Browns and Whites in Jamaica is by DaNen 
port and Steggerda The results warrant attention, though the numbers 
of individuals are too small to provide stable values Finger prints palmar 
patterns, and palmar mam lines are investigated For finger prints there 
are 224 Blacks 213 Browns and 47 Whites, the numbers of subjects avail 
able for the study of palms are e\en smaller Frequencies of whorl and 
arch patterns of fingers form a graded senes. Browns being intermediate 
between Blacks and ^Vhlte5, the frequenaes of whorls are 30%, 25% 
and 22% for Blacks Browns and Whiles respectively The corresponding 
figures for arches are ii% 10% and 7% Calculations of pattern inten 
sities have been made from the data of these authors and are here given 
separately for the sexes For males Blacks 12 01, Browns 11 63, W^tes 
1169, for females Blacks 1176 Browns 1x39, WTutes 11x6 These 
data would suggest that there 1$ a blending in the hybrid Browns of the 
trends of Blacks and Whiles Such intermediate \alues in Browns occur 
also m pattern frequences of two palmar areas the hypothenar and fourth 
interdigital but the other three configurational areas show a different rela 
tionship In Browns there are more thenar/first interdigital and second 
interdigital patterns than in Blacks while third interdigital patterns are 
even less frequent than in the Blad^ The frequenaes m these last three 
areas may indicate that in the Browns there is an accentuation rather 
than a leveling of the traits distinctive of the Blacks 
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The same accentuation may be present m the palmar mam lines where 
It will be recalled, typical Negroes differ from WTutes m having more 
longitudinal alignments Mam line mduxs calculated from the onginal 
data are Blacks 8 43 Browns 8 38, Whites 8 52 

The results are not very illuminating, and m evaluatmg them two 
factors must be kept m mind First the samples are too small to yield 
statistically reliable frequencies^ second, the Blacks as well as the Browns 
may carrj admixture present m such degree as to vitiate the companson 
This might be illustrated by reference to the mam line index, which in 
Libenan Negroes drops to 7 03, a value in keeping with the typical longi 
tudmality in the Negro while in neither Jamaican Browns nor Blacks 
IS this figure approximated 

Two senes of New Mexicans of Spanish descent, and three groups of 
Amencan Indians from the same locabty, are reported by Cummins (274) 
The New Mexican samples are no persons from Chamita and 97 from 
Bernalillo The finger pnnts of the Bernalillo senes are representatne of 
other senes of Spanish, but in the Chamita sample the high frequency of 
whorls approaches that of the Indians Even the symmetry relations 
as expressed in the dactylodiagrams, agree with the indication that there 
1$ Indian admature m the Chamita senes In the Chamita sample of 
Spanish as in Indians, arches and whorls conform to the rule of all pairs 
rather than the pair group rule With regard to frequences of palmar 
bypothenar and tbenar/first interdigital patterns the Chamita sample is 
intermediate between the BemaliUo-Spanish and Indians The third 
interdigital area repeating the trend noted m connection with Negro 
^Vhltc hybrids, shows a higher pallcm frequency than either of the two 
ongmal stocks Palmar main hoes, approaching the trait di5tmcti\e of 
Indians are slightly more longitudinal in the Chamita sample than m the 
Bemahllo sample Cunously, and again recalhng a situation noted m the 
Jamaican Negro ^Vhlte matenal the Bemahllo senes does not reach 
the expected high value—perhaps suggesting that there is Indian admix 
ture e^eIl here There is no question that the signs of Indian traits in 
the Chamita senes are significant, and it may be of interest to add that 
the localitj furnishing this sample is one figunng in the early Spanish 
domination when according to histonans interbreeding was frequent 
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C ONSTITUTION comprises all the structural, physiological and 
psychological traits of an individual Constitution is determined in 
part by mhented factors and in part by environment Different traits 
vary in susceptibility to environmental influences Certain ones, blood 
groups for example, are immune to the action of environment For most 
traits the genetic mechanism is not so ngid, and modifications are mtro 
duced in the phenotype The effective environment, it must be understood, 
embraces not only agenaes external to the individual but also complexes 
within the body which constitute an intrinsic environment Further, 
the effective environment is not limited to the period after birth For 
some traits it extends into the prenatal penod as far back as the union 
of the spermatozoon and the egg cell which produce the individual, and 
even mdudes action on these sex cells in the parent bodies 

Dermatoglypbics represent a part of the structural constitution 
They are heritable, though prenatal environmental influences maj mask 
or modify the genetically prospective traits (Chap ra) It is highly 
improbable that environmental influences can introduce an> departures 
from the dermatoglyphic genotype after about the middle of intra uterine 
existence (Chap lo) Investigation of constitution in dermatoglypbics 
necessarily confines itself to a consideration of phenotypes —the traits as 
expressed in individuals—without discnminating the determinations of 
the traits by inheritance and their modification by environment 

One aspect of constitution is represented by the raaal charactenstics 
treated in Chapter 15 set apart because of the special nature and bulk of 
the material Indeed, all phases of morphology, asymmetry and the like 
concern constitution The present chapter is devoted to certain more 
speaal aspects of constitution, including sex differences, the unlike trends 
of variation m right banded and left handed persons, and the distinctive 
trends assoaated with certain diseases 

Constitutional trends are revealed only by statistical analysis of 
mass samples, as already illustrated by raaal vanation It is impossible 

t69 
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to rea)gm3e the race of an mdividiial in the dermatoglyptics and as a 
parallel, dermatoglyphics m the individual do not indicate handedness 
sex cnminahty or predispostlioD to disease It would be unexpected if 
any of these non dermatoglyphic constitutional traits were invanably 
registered m the dermatoglyphics This would depend on a much more 
consistent correlation m individuals than any yet demonstrated In 
pnnaple all constitutional trends are comparable to the raaal distinctions 
discussed in the previous chapter Even if it is true that a relatively small 
proportion of individuals conform to the direction of variation revealed 
in the mass sample, the existence of this proportion denotes a significant 
deviation Once a correlation between dermatoglyphics and some other 
aspect of constitution is substantiated it becomes dear that the con 
stitutional bond is one dating to the prenatal penod In itself this finding 
does not indicate whether the correlation has a genetic or a non genetic 
basis 

Correlations between dermatoglyphics and certain diseases are to be 
presented The derma toglyphic traits concerned are morphological 
>’anants, which are in existence from the very first di/Terentiation of 
ndged skin in the fetus There is to be distinguished a quite different 
aspect of disease in its relation to dermatoglyphics which will receive 
only this passing mention We refer to conditions in which the dermato- 
glyphics are directly altered by the disease process The skm of the 
ndged surfaces may show damage resulting from leprosy (36) f om in 
creased deposition of cormfied elements (318) from fungus mfecUon 
excessive sweating (328) and from cutting of nerves to the part (329 
330f 331) Such structural damage to dermatoglyphics, like scamng of the 
ndged skin, lavolv es pathological alteration of features already formed and 
IS unrelated to the constitutional aspect of dermatoglyphic morphology 

Correlations with Body Measurements and Blood Groups 

Body Measurements Colhns suggests that there may be a corrcla 
tion between head form (as measured by cephalic index) and occurrences 
of finger pnnt types His xnatenal includes 5000 Chinese, 2000 Hindus 
and 5000 Englishmen The Chinese (generally brachy cephalic) have total 
frequenaes of whorls and arches (38 7% and 4 2% respectively) distinct 
from those of his English (dobchocephabc) sample (frequenaes 20 2% 
and :i%) This suggested to CoUios that narrowing of the head is asso- 
aated with reduction of whorls and increase of arches a conclusion 
apparently supported by his compaTuons of brachycepbabc and dolicho* 
cephalic Hindus The brachycephalic Hindus show 36% whorls and 3% 
arches and the dolichocephalic group 30 5% and 4 5% respectively 
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It IS probable, however that these mass compansons fail to difleren 
tiate all the factors concerned, because exacting statistical analysis does 
not indicate a significant correlation between head form and pattern 
types, 1 e, between cephalic index and the index of pattern intensit> 
Cummins and Steggerda (337) calculate the coefficient of correlation 
m 72 Maya Indians as C059 and in 6x NetberUnders as 0042 —coeffi 
aents so small that correlation is lacking or insignificant (In the same 
material there are no significant correlations of pattern intensity with 
nose form and general body build ) karl likewise finds no correlation 
between pattern types and cephalic index 

Pattern size in the Maya and Dutch matenal also is apparently 
independent of head form nose form and general body build Pattern 
form as related to the same anthropometric indices yields m this small 
matenal statistically insignificant correlations but with a suggestive 
indication that there may be a alight inverse relationship x e that the 
broader patterns tend to be assoaaled with narrow head narrow nose and 
slender body (Table 47) To substantiate this suggestion would require a 
matenal large enough to give rebabibty to the low correlations 


TABLE 47 

COSREUTtOSS or PaTTZSK Fctll AND CcSTAlS AKnarOFOUTTEJC iNPJCLb 

(Cummtns 9n^ 



Maya 

Dutch 

Avenge pattern form^Cephal e index 

liA * 

- tS 9 "*• ©8 

Avcreie pattern form—Nasal index 

— 113 ± eS 

- a©S ± oS 

Average pattern forta^Index 0^ body buUd 

~ oSp ^ 08 

— 198 ± d8 


Blood Groups There is no convincingly demonstrated correlation 
between dermatoglyphics and blood groups Hesch announced such a 
correlation (between whorls and group B and possibly between loops and 
group A), which he claimed to be the first report of correlation of blood 
groups with any physical character Actually he was preceded by Hahne, 
who asserts (from a study 0! 100 persons) that blood group O is assoQated 
with more loops and less whorls than blood group A The Blote\ogels 
also suggest that there may be correlations but neither their evidence 
nor that of Hesch and Hahne is conclusive Geipcl shows, in a senes of 
381 Germans the absence of significant correlation 

Group B —\Vborls 047 ± 02 

Group i 4 —Loops — 015 ± 016 

These findings are in agreement with Laris /aiJure to demonstrate a 
correlation between group B and whorb or between group A and loops 
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Sexual Vasution 

Ridge Breadth The first trait likely to suggest itself for companson 
la the sexes is ndge breadth laasmucb as females generally have smaller 
bodies than males it might be expected that their ndges would be nar 
rower—and they are In young adult males (24) the mean number of 
ndges per centimeter (considenng all apical patterns and palmar areas 
together) is 30 7, a value to be compared with 23 4 in young adult females 
(30) Ridges m the female are significantly finer, since on the average 

% 



Ridges per centimeter 

Fic 149 •^Prequency district oos of ridge cptiBM per tentuneter (oversee of bH flneen 

p^lcorr Biv«9) compared la the rexer 


there are 2 7 ± 09 more ndges to the centimeter than in the male This 
sexual difference, of course, expresses itself only m the general trend, with 
which individual cases may or may not agree (Fig 249) The distinction 
IS correlated with the tendency toward smaWtr hand sue m the female 
but it IS also partly independent of hand size, since ndges tend to be nar 
rower m females even when under companson with males having the same 
hand lengths It may be conduded therefore, that the conditioning of 
differential ndge breadth in the sexes involves both a direct genetic 
mechanism and an indirect one, through loose correlation of ndge breadth 
and body size 

FIvcERrEI^T Types Among vanous raaal samples (Table 48) 
females almost universally differ from males m having more arches and 
usually they differ also in bearing fewer whorls The arch/whorl index of 
Dankmeijer is almost without exception higher m females Radial loops 
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are fewer in females According to Gcipers observations (197) on 315 
males and 287 females, there are no sejcual distinctions in pattern form 


TABLE 4S 

Pattern type Frequencies and ArchAVhoil Ikoices Compared i \ the Sexes 
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There are indications in some races that the usual sexual distinction 
may be leveled or even inverted However these exceptions to rule 
noted ID some raaal samples may be due to inadequacy of numbers, 
differences of method in classifying pattern types or lack of homogeneity 
of race in the compared samples Since sex is but one aspect of con 
stitution, a fully dependable comparison of the sexes can be achioed 
only if the samples are homogeneous in all respects except sex This 
would require racial punty and consistence m all other phases of con 
stitutton an ideal which may not lie attainable 

The crude result obtained by dealing with total pattern type fre 
quenaes and arch/whorl indices is substantiated by more refined methods 
of analysis including the manuar, ambimanuar (348) and dactylodiagram 
(356) Analysis of individual fingers is of further interest m sexual com 
partson, srnce fie contrasts are more discnmMti%'e 

Pattern tjpe frequencies in toes differ in the sexes in the same direc 
tions as those of fingers (xiq) Asm fingers, whorls are more abundant and 
arches less frequent in toes of males than in toes of females 

Females generally present less btnmnual difference than males The 
level of this difference may be first exemplified by the values in Piebenga s 
companson of 400 males and 400 females (299) In that senes the sum of 
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the differences of frequences on nght and left hands of the four pattern 
types (arches, radial loops, ulnar loops and whorls) is 53% m females 
153% m males The corresponding values in Henckels (288) much 
larger senes are 70% and 150% Another mamfestation of symmetry 
which may differ in the sexes is conformity and non conformity to the 
pair group rule 

Palmar Covtiguratioss The frequenaes of patterns in the five con 
figurational areas of the palm are unequal m the sexes like frequencies of 
whorls and arches on fingers and toes In WTute stocks (four senes 86 
333 and tTrO unpubhshcd senes Germans and German Jews) females 
present consistently larger frequenaes of hypothenar and fourth inter 
digital patterns and lesser frequenaes in the remaining palmar areas 
(ihenar/interdigital I, mterdigitals II and III) In the palmar features 
as in finger prints, females present a lessened degree of bimanual asym 
metry This distinction extends to pattern frequenaes and to such dimen 
sions as distances between palmar tnradii (86) and bimanual inequality 
in abgnment of palmar mam lines (336) 

Hakhedstss 

Investigations which attempt to correlate dermatoglyphics with right 
handedness and left handedness face many difficulties As in other con 
stitutional studies, samples would be ideal only if they were umfoim in all 
respects except the trait which is to be studied in correlation with derma 
toglyphics It IS fortunate, since there arA sex differences in dermato 
glyphics that the sexual composition of the samples can be absolutely 
controlled Racial composition is not so readily standardixed The racial 
differences detailed in Chapter 15 indicate that a study of handedness 
might be senously vitiated if the samples of right handed and left handed 
subjects were not from a common raaal source 

Classifying the subjects as to handedness presents a major difficulty 
Handedness is expressed vanably in its degree of fixation and the dassi 
fication must be founded on adequate tests These tests should be reliable 
indicators of handedness and should differentiate the degrees of fixation 
The compared samples should be composed of individuals old enough to 
exhibit defimtive functional handedness If a correlation between dermato 
glyphics and handedness is demonstrable at all subjects wi th most extreme 
left handedness and nght handedness would be presumably the most 
promising 

No investigator has worked with matenal selected as rigorously as the 
ideal demands and it is not surprising that the distinctions between hand¬ 
edness groups reported by several authors are at some points inconsistent 



CONSTITUTION 


275 

With the appearance of the studies by Rife (357) and by Cromv^ell 
and Rife, unlike trends in the dennatoglyphics of left handed and right 
handed persons may be accepted as established These authors report on 
the largest material yet assembled by any investigator The material for 
the latter study includes 300 nght handed males, 300 right handed females, 
430 left handed males and 323 left handed females Handedness 
diagnosed by the following ununanual operations writing throwing, 
sewing, hammering, sawing, shooting marbles use of kmfe, bowling, use 
of sassors and spoon When all these acts were performed with the nght 
hand the subject was classed as nght handed and if the left hand was 
used in one or more 0! them, the subject was assigned to the left handed 
group The findings of particular interest are (a) Increase of patterns in 
the third interdigital area in left hands of left handed subjects of both 
sexes, this conforms to the results of all other in\estigators of the problem, 
(b) Increased frequency of thenar/first interdigital patterns in both hands 
of left handed females, (c) Lessened frequency of patterns in the fourth 
interdigital area of left hands of left handed females Cromwell and Rife 
restate the comparisons m another form, this time m the light of bimanual 
differences of pattern frequency (or in fingers in the frequency of whorls 
as compared with other patterns) There are five areas chatactenred by 
large bimanual difference The nng finger with its large excess of whorls 
on the nght hand, is like the second and third interdigital areas m the 
palm, where patterns occur more frequently in nght hands Left hands 
have greater pattern frequeni^s id the tbenar/first interdigital and fourth 
interdigital areas For each of these five configurational areas, Cromnell 
and Rife refer to the hand n hich carries the larger frequency as * superior ” 
and to the hand having the smaller pattern frequency as ‘ inferior 
In each of the five areas the infenor hands of left handed females present 
increase of pattern frequency Also, in left handed males the inferior 
hands show increase of pattern frequenej except in the fourth inter 
digital area where the value remains as in right handers In the left 
handed groups there 1$ a slight lessening of bimanual difference in pattern 
frequencies Cummins (335) demonstrates such a decrease in bilateral 
asymmetry of fingers in left banded males and an increase m bilateral 
asymmetry m left handed females the net effect being as in the palmar 
features a levehng of the ** normal ’ sex distinction in bilateral asj mmetr> 

CONSTITOTIOV AND DISEASE 

Constitutional groups separated by ra«, by sex and by handedness 
are defined in accord with what may be termed normal variants of human 
bemgs This section is concerned with subjects who are afflicted with 
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certain diseases The central question here is whether persons so afflicted 
are distinguished from the non-diseased by characteristics of the dermato 
gl>T)hics If such distinctions exist they are of the utmost moment in 
analysis of the constitution of disease^ because they demonstrate that 
susceptibility to the disease bke the distinctions in dermatoglyphics 
with which it IS correlated, is inborn 

This aspect of investigation attracted early attention Some studies 
were made m the latter part of the nineteenth and bcginmng of the 
twentieth centuries at the time when finger prints received wide notice 
through their introduction for personal identification DAbundo de 
scribes the finger pnnts of imbeciles and idiots as being stmilar to those of 
monkeys, pointing out that roonomorphic hands are frequent Forgeot 
de Sanctis and Toscano, Fire, and CevidalU examined finger prints m 
idiots imbeales and psychopaths of various types, claiming distinctive 
statistical trends As pointed out by Mffller, these pioneer workers were 
handicapped by inadequate methods Purtbennore, peculianttes of 
classification and lack of proper conlroV make it difflcult to evaluate some 
of the reported findings This account is accordingly limited to the more 
recent investigations 

N£U 70 FiBaouATOSts Tius 15 a hentable disease cbaractenred by the 
formation of multiple tumors of nerves Blotevogel examines finger 
pnnts (as well as blood groups and body dimensions) m 30 case^' 15 of 
each sex The bimanuars show no departure from distribution of patterns 
m the normal population It is cunous that the author, having only 30 
subjects, considers it probable that a larger material would not disclose 
distinctive trends The finding of interest is the frequent occurrence of 
central pockets Thirteen of the 27 patients finger printed present one or 
more central pockets which are confined to the Lttle fingers of both hands 
and the left nng finger TCtb 48% of individuals beanng such patterns, 
as contrasted with 6% m his normal senes, and with the surpnsing fre 
quency on digit V (compare Table i), it is evident that an aberrant finger 
pnnt trend distinguishes this group 

Psoriasis One hundred patients presenting this hentable skin disease 
are investigated by Kneger, and compared with normals from the same 
raaal stock Palmar patterns as well as finger pnnts are considered The 
following distinctions aic lepoilcd in the psonasis group more frequent 
whorls on digit IV (50% and 41% for nght and left respectively as 
compared with 46% and 38 5% in the control matenal), more frequent 
patterns in the fourth interdigital area of the left palm {38% and 47^ 
for right and left as compared with 38% and 39% m the control) Other 
distinctions, cspeaally m symmetry relations, are noted, but it is doubtful 
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whether any of the claimed distinctions are significant, the matenal is 
small and there is no separation of data for the sexes 

Schizophrenia This is a mental disuse in which manifestations of 
split personality are prominent The first comprehensive study of dermat 
oglyphics in patients presenting this condition is by Poll who analyzes 
finger pnnts of 232 males and 545 females companng them with normals 
of the same raoal stock (Germans Berlin) The analytical method mainly 
utilized IS the dactylodiagram, though even the total frequenaes of whorls 
and arches indicate a tendency to leveling of the normal sex difference 
each sex showing either decrease or increase toward the value of the other 
(Table 49) The dactylodiagram for males exhibits a shifting to the left 
and above, brought about by the decrease of whorls and mcrease of arches 


TABLE 49 

Fiequ£vcies or Wbqils and Aackes in Tbtcb Independent Seuzs or Scruopheemics 

CoUTA&ED WITH COVTEOIS TlOU TBE GeHESAL POPOLATIOHS 
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*The geneaology of all these subjects was traced at least as far as through their grand 
parents and East Prussian ongin of each geoeratioA was esUbluhed In the absence of a 
control It should be explained that the b gher whorl frequenaes as compared w th Poll s 
matenal are the expected associate of more frequent whorls in the general population of 
this lemtory 

These results are antiapated in the earlier study by Blumel and Poll 
Here the bimanuar serves as the chief analytical method and the material 
differs in that various psychoses including schizophrema are combined 
Miller (353) confirms Poll s observations His findings m schizophrenic 
Danes (Table 49) are closely parallel to the findings by Poll in schizo 
phrenic Germans Miller observes that the schizophrenic Danes and 
Germans retain the racial contrasts which distinguish normal Danes and 
normal Germans There is accordingly no universal schizophrenic type 
but rather a schizophrenic type confined within the limits of the raaa! 
variants 
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Duis investigates a schiaophremc matenal Dumbenng 416 males and 
356 females (East Prussians) He claims that the sex difference is the same 
as in the normal population an assertion hardly reconolable with his 
own record (Table 49) of practically equal frequenacs of wboris in males 
and females 30 2% and 29 6 % respectively (with arches 5 2% m males 
and 78% m females) Inconsistently he regards the schizophremcs 
as shoning no speaal distinction in total frequencies of patterns m the 
face of data which agree with PoU and Mailer 

Epile^v Brown and Paslund compare the finger pnnls in 146 
mentally detenorated epileptic patients with 115 non-detenorated 
epileptics Earher studies by the same authors reveal anthropometric 
and other evidences of a constitutional distinction between these two 
epileptic tjTies Arches are increased in the deteriorated group and the 
sex difference is lessened (detenorated males 97% females 109% 
non-detcnorated 23% and 7 2%) The detenorated patients shoTv fewer 
whorls than the no n^de ten orated The detenorated group shows a sig 
mficantly smaller quantitatn^ value than the non^detenorated This 
reduction is not merely the assoaate of increased frequency of arches 
since the separately compared values of loops and whorls indicate an 
actual difference of pattern size m the two groups The detenorated group 
presents a larger frequency of aoomabes of ndge construction including 
defects similar to those shown m figure 129 

FEEBiE'SOKDEPvtss Bonnevie (322) compares the finger pnnts in a 
\enes of 53s feeble minded children with 300 mentally normal children 
The mtelhgence quotients of all these subjects had been determined by 
the Stanford revision of the Binet Simon test The quotients of the 
feeble minded group are mainly clustered in the range 55 70 and the 
normals m the range 8 o-joo 

There is no cor relation (001 ± between intelligence quotients 
and quantitative values though when the quantitative values are ar 
ranged in curves of distnbutioo it appears that the feeble minded ma> 
have a greater number of large patterns The feeble minded show more 
vanabihty of quantitative values among the ten digits m individuals 
Composites appear in larger numbers \n the feeble-minded and they are 
more evenly distnbuted among the digits than in normals Poll also 
investigates the feeble minded companog 124 such subjects with 972 
normal persons reporting that the number of individuals lacking whorls 
IS greater m the feeble minded 

lUBEaLiTY AND Idioct Mjfllcr (354) makes a study of 282 male 
imbeales excluding from his matenal cases with infenor mentalit) 
acquired through birth injury or other exlnnsic causes A normal senes 
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of 2000 males of the same raaal stodt is his control Few derxnatoglyphic 
differences are found and they are not statistically significant In imbeales 
the greatest difference is reduction of whorls on the nght indeT and nng 
fingers In the two groups the ummanuars of the left hands are nearly 
identical, though m right bands the unimanuars indicate a reduction of 
whorls 

Mongoloid idiots present outstanding distinctions in finger prints and 
palmar configurations Studies on two independent senes, by Cummins 
(334) and by Workman, agree m all essential respects Palmar hypothenar 
patterns are nearly twice as abundant as in the normal and they are 
distinctive in the large representation of expanded patterns (such as 
and L^) and arches {A^) assoaated with an axial tnradius located centrally 
m the palm {i”) Thenar/first interdigital patterns are reduced in number, 
size and complexity Second and third interdigital patterns are more 
frequent than in normals, and fourth interdigital patterns are less frequent 
Transverse coursing of palmar main lines is accentuated (the mam hne 
index being unprecedentedly high 11 ri) and bimanual asymmetry of 
ndge direction much reduced In finger prints whorl frequency is reduced 
(xg 8% in the Cummins senes of 54 cases) the compensation for this 
reduction being limited to increase of ulnar loops Radial loops shift their 
maximum frequency from the normal position on digit II to digits IV 
and V 

The pecuhar conformation of the band in mongoloid idiots is cer 
tainly a developmental assoaate of vanants m the dermatoglyphics 
Perhaps some of the distinctions m the palmar dermatoglyphics are 
correlated speafically with the presence of the simian line, a modified 
distal transverse flexion crease coursing continuously from radial to ulnar 
margins of the palm The simian line, occasional m normal persons, 
occurs quite frequently in mongoloid idiots (316) 

Poliomyelitis Poliomyelitis or infantile paralysis is produced 
by a virus which affects nerve cells in the spinal cord and brain The 
senes of 282 cases studied by the BlotevogeU consists only of patients 
presenting serious crippling as a result of this disease It may be assumed 
that the senes represents an extreme accentuation of predispoMtion 
and that, if structural constitutional signs of this predisposition occur, 
the signs would appear in a senes so selected The normal control, from 
the same racial stock, is mainly the matenal of Kircbmair In diseased 
males whorls are increased and arches diminished Diseased females also 
show an increase of whorls and at the same time there is an increase of 
arches, so that loops are reduced in frequency The number of males having 
ten loop combinations is 5% greater than in the normal The normal 
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diSerence m pattern type distribution m nght and left hands is absent 
Kirchmair (349)) working with 288 cases of infantile paralysis and using 
his ambvmanuai method con&rma this finding of lessened asymmetry 
The sex difference in quantities of whorls and arches persists, though 
deviated from the normal There are no distinctive frequencies of rare 
patterns (such as the central pockets noted in neurofibromatosis) 

Criminality and Degeneracy 

Ascarelli analyzes the finger pnnts of 100 prostitutes, whom he classes 
as a type of degenerates Radial loops arc increased cspeaally in the 
bttle finger There is a higher frequenQ^ of what he terms pnmitivc 
patternSj forms similar to patterns of some non human pnmates (107% 
vs 6 2% m 200 women not classed as prostitutes) Mutrux Bomoz 
insists that increased occurrence of such ‘‘pnmitivc patterns, of the 
palm as well as fingers, cbaractenzes criminals also 

The most extensive and recent study 1$ that of Bugge and Poll, devoted 
to an ezaminatioa of 20^6 Danish cnminals (offenses rape, immoral 
conduct, homosexuality) and 4000 German criminals (murderers, burglars, 
thieves, etc) The Danish sex offenders present fewer whorls than non 
cnminal Danes, though (his difference is not statistically significant 
The Germans present the same contrast between cnminals end non 
cnminals, and the difference is here significant Shifting of the dactylo 
diagram to the left (as a result of deaeased whorls) is evident both in 
Danes and in Germans as compared with the non cnimnal controls 
The bimanuars display significant differences, showing concentrations of 
ftequenaes in the fields of O whorls There are no distinctions of sym 
metry between criminal and non cnmmal groups in either Danes or 
Germans 

It will be recalled (Chap 10) that Abel observes defects of ndge forma 
tion (Figs 129-X30) in some ciuninals, and in the nozKnmmal population 
only m association with imbeabty, insaiuty and the like 

CnARACTER AND TEMPERAMENT 

In its broadest scope, dactylomancy (Chap i) extends to the reading 
1/1 'uixii of* 

To the extent that dactylomancy concerns itself with a search for 
signs of constitutional makeup it meats attention as genuine scientific 
inquiry As an object of insesligation, this is cot so far fetched as it ma) 
seem to be at first thought Since flexion creases (341) and dermato 
glyphics vary m other constitutional expressions, a correlation between 
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dermatoglyphics and the character-temperament constitution may be 
ultimately demonstrated 

Takashima (quoted from KubO} 296) gives an account of Japanese 
folk dactylomancy, claiming the following attnbutes of pattern types 

The whorl signifies dexterity in handicrafts and is also a sign of 
stubbornness 

The composite is a sign of a liar, a faithless and unreliable character 

The loop indicates lack of perseverance 

The arch denotes a merciless crude character 

In making the reading of a male the fingers of the left band are chosen, 
and of a female, the fingers of the right band Attention is paid to the 
finger or fingers bearing whorls, and the combinations are made into a 
code fox reading character and temperament and for prediction of the 
future 

Kojima (quoted from Kubo) claims to have examined the finger 
prints of 200,000 criminals and to have evaluated character and tempera¬ 
ment for correlation rath the prints His general conclusions are 

A person Viith uUisr loops on all fingers js clear spirited, mild 
mannered, strong willed, perhaps melancholy, and is likely to be cool 
m judgment and ruthless in business dealings 

A person ha\ mg whorls on all fingers is restless, vacillating doubt 
mg, sensitive, clever, eager for action and inclined to crime 

A mixture of loops and whculs signifies a neutral character, a person 
who IS kind, obedient, truthful, but often undecided and impatient 
Arches or radial loops occur on persons who are ambitious, cold 
blooded stubborn, disobedient, defiant and rebellious 

Present information on the assooation of dermatoglyphics with 
character and temperament is a mixture of folk lore and questionable 
deductions lacking saentific control It is difficult enough to evaluate 
character and temperament with the aid of truly saentific methods 
This phase of constitution is mentioned pnmanly to indicate that an 
interesting field of investigation remains to be explored 
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IDENTIFICATION IN ACTION 


T he term 'persona] idenlificition applies to all the various means of 
establishing the identity of an individual, showing either that he is or is 
not the person tn question In everyday life, this is a simple matter of sight 
recognition (or non recognition) Sight recognition is notoriously fallible, and 
everyone has had the experience of mislahuig one person for another In some 
situations such a mistake ts of little consequ<»nce, but there are many arcum 
stances m which an error cannot be tolerated even a human life may depend 
upon the identification 

Difficulties are compounded when the person to be identified and the 
necessary records are id different places Though a description and photographs 
of the individual are helpful, there is a degree of possible error ^Mlat is desired 
IS a foolproof and mechanically simple procedure that provides for identification 
on a scale inv*oIving hundreds, or thousands, or millions of indiMduals wherever 
they may be Ftngerpnnt tdenUpcattortf which meets these requirements, is now 
in virtual world wide use 

An example contrasting the results of three di^erent approaches in personal 
identification may serve to show the shortcomings of sight recognition and of the 
BertiUoD method (based principally on body measurcmtnts) which was super 
seded long ago by fingerprint identification The example goes back to 1903 , a 
time when fingerprint identification was first gaming its merited acceptance as 
a positive method The scene was the federal pnson at Leavenworth, Kansas, 
and the prinnpals were two Negroes, William West and Will West William bad 
been confined, two years before, on a life sentence for murder Will, a new 
prisoner, was brought to the record o&ce tor photographs and BertiUon measure 
ments The clerk ‘ recognized Will and remarked that be had been there before 
tVhen Will stoutly denied this, the clerk proceeded with the regulation Bertillon 
measurements, then went to the file and secured the card indicated by the 
collective measurements The photograph pasted on the card was shown to Will, 
who "recognized * it as his own picture and was puzzled as to bow it could have 
been obtained But the card, de^ite the airtespondence in features and m body 

aSa 
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measurements, was that of WUliatn, wbose presence m the institution was 
enough to prove that Will was not be Both sight recognition and body measure 
ments bad failed to distinguish these two tnen, who by strange coincidence had 
virtually the same name and careers that led to imprisonment But the coin* 
cidence ended at once with e:cainination of their fingerprints Their finger 
patterns differed materially and even a small part of one prmt was suffiaent to 
show distmctiveness 

Fmgerpnnts hever Lit is the title of the autobiography of Fred CherriU, 
long time member of the Fingerpnnl Bureau of New Scotland Yard and its 
chief superintendent for many years preceding his retirement in 1953 Mr 
Cbeinll IS right fingerpimU tell the truth But they can do so cmly m their own 
language, and one cannot hope to understand how they reveal truth without 
having some acquamtance with this unique language 

Fingerprints have special virtues as means of personal identification ( 1 ) 
Their features are permanent, unchanged through the lifetime of the individual 
and persisting after death until the skin disintegrates ( 2 ) The finer characteristics 
(minutiae of single ridges) are so highly variable that one print or even a portion 
of it 1$ unique Each person and each dnger, therefore has an absolute individual 
ity, an assemblage 0! characteristics that has no match ( 3 ) The major features 
lend themselves to classification Classification, which may be extended to 
progressively subordinate ranks in accord with the demands of a large file, 
provides for ready searching When a fingerprint card has been classified, the 
prints filed under its class must be inspected to determine whether the person in 
question is represented if be is the earlier card provides information concerning 
the person and establishes bis identification even if the name is falsified ( 4 ) 
Although suitable precautions must be taken in fingerpnnting to ensure that the 
prints are complete and clearly registered the process of recording is simple 
Furthermore, the prints are actual impressions of the fingers themselves, hence 
they are not liable to the human errors that may be introduced m various 
olhei forms of record ( 5 ) Finally fingers come mlo contact with objects and 
leave their impressions in cnminal investigation these chance prints supply 
evidence 

Some of the prinaples of fingerprint variation are explained in Chapter 4 , 
and Chapter 8 presents an elementary outline of how fingerprints are used in 
identification However, it is desirable to review some of this material for 
emphasis on working principles 


Fingerprints Defined 

Even without magnification, one can see fine, closely spaced ridges on the 
skin of the grasping surface of the fingers (including the thumbs, which are 
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* fingers’’ m tbe sense of fingerpnnt identification) These ridges are aJigned 
m systems of patterning The terminal segments of the fingers bear the patterns 
that are routinely used, when registered as prints, in individual identification 
However, any area characterized by similarly corrugated skin would be adequate 
for establishing an identification—the other segments of the fingers the palms, 
toes and soles Although this chapter is mainly concerned with fingecpnnts 
It should be understood that with the exception of descriptions of specific pattern 
types the pnnaples apply to all areas of rid^d skin 

A fingerprint is an impr^yon made by contact of the ridged skm Such an 
impression might be a solid smudge useless for identification, but under optimum 
conditions (as when pnnts are made for purposes of record or when a chance 
contact IS favorable) the print is comparable to printing from metal type or a 
rubber stamp Like the elevated type faces, the summits of the ridges come 
into contact with the ink and all their details are faithfully registered in prints 
From tbe standpoint of their common use in identification, fingerprints are of 
two classes record pnnts and chance prints 

Record prints are those made for an identification file, or for a starch to 
determine whether the person has a previously filed fingerprint record, or for 
comparison with chance prints discovered at the scene of crime Record pnnts, 
as distinguished from chance prints, are recorded with purpose and with attention 
to their clear decipherability These prints, registered on white cards, are made 
with an ink similar to ordinary printer’s ink 

The usual form of fingerpnnt card (Fig 41 ) has assigned spaces for the 
two sets of prints, and space for various entries including the classification of the 
fingerpnnt characteristics that denotes the place of the card m tbe file The first 
set of ten prints (upper part of Ibe card) consists of '^rolled impressions, 
which extend part way along tbe sides of tbe digits and thus ensure registration 
of the compklc patterns The other set contains ‘plain or ‘ dab impressions 
made by contact of the inked digits without any rolling 

The basic types of patterns are whorls, loops and arches (Fig 29 ,) but 
inlergradmg forms occur (Fig 48 ), and there are occasional extreme deviations 
from these types In Caucasian peoples, about two thirds of all patterns are 
loops, of which the large majonty (ulnar loops) have their open ends directed 
tAwaxd. thA- WJa whil^ the othm Ccariial open ihumbward 

Identification practice makes use of two variables within the same pattern type, 
namely counts of ridges and ridge traang Counting the number of ridges 
included in a pattern affords a convenient means of subclassifying the one pattern 
type, this IS espeaally useful for loops If one examines a large senes of ulnar 
loops he will see that they vary widely in swe, size being determined by the 
number of ndges composing the pattern The €»unt of ndges along a prescribed 
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line (Fig S 3 ) thus makes it possible to describe an ulnar loop more speafically 
In whorls, tracings of ridges ongmating from prescribed points (as illustrated m 
Fig 48 , examples 2 - 8 ) are of similar value in providing for subclassification of 
patterns belonging to this type Classification is a prime essential because finger* 
print cards must be filed m a. systematic manner providing for the ready location 
of cards that are to be compared with the card of the individual whose identity 
is under search (see pp 14 S-I 47 ) The magnitude of the search and the needed 
refinement of classification vary with the sue of the identification file, which 
might range from perhaps a few hundreds of cards up to enormous prc^rtions 
The active files of the Federal Bureau of Investigation contained (as of July I, 
I 960 ) 36 , 333,1 S 3 fingeipnnl cards of criminals and 119 , 785,546 cards of non- 
criminals (These figures are available through the courtesy of J Edgar Hoover ) 
The files of certain agencies, notably the Federal Bureau of Investigation and 
the Department of Correction of the State of New York, are so enormous that 
machine searching has been adopted With this method, of course, the pertinent 
data must be punched on IBM cards and bandied in the sorting machine for the 
initial phase of the search Regardless of the sue of the file, the search for a 
record corresponding to that of a card at hand involves direct visual comparison 
with the several or many cards falling under the same classification In such 
inspection differing general characters of pattern configuration are clearly rec> 
ognizable to the expert though an untrained person might regard two or more 
compared patterns as identical More detailed examination, with a magnification 
of several times, reveals many fine details of individual ridges (minutiae, or 
ridge characteristics—see Figs 2 i and 98 ) Two patterns of the same type, ulnar 
loops for example may agree exactly in their over all configuration and in ridge 
count but comparison of even small corresponding areas in the prints im¬ 
mediately discloses striking difierences in these details 

Up to this point references to identification files concern fingerprint cards 
carrying impressions of all ten fingers of individuals (with special provisions for 
classifying cases in which digits are missing or unprintable or in which malfor¬ 
mations occur) Some identification offices have files of single finger prints, m 
addition to the ten finger cards In this situation the ten prints of an individual 
might be widely separated m the file because each is separately classified, using 
leatures common to ftie ten hnger system supplemehiecl'Dy coding dl such detafis 
as the minutiae of single ridges A file of this sort 15 designed to expedite the 
search for identification of single prints discovered at the scene of crime 

Thousands upon thousands of fingerpnnt identifications are made daily 
over the world The cases at issue, eadi ongmating with a fingerpnnt card 
referred for searching, involve varied elements ol the p<^ulatJon criminals and 
noncnmtnals, employees in certain occupatums where national security must be 
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safeguarded, personnel of the armed forces, the unidentified dead, etc A few 
abbreviated bislones of actual cases wiD be presented to Dlustrate this variety 
and the procedure of the identificatfon 

Identification from Ten-Finger Records 

One G C was under a four year sentence for obtaining money under false 
pretenses He was confined, in 1916 , m the Oklahoma Stale Penitentiary, but 
was soon transferred to a reformatory where he was assigned work at a farm camp 
One night he walked away and was not apprehended He first went to Missoun 
and then, after three years, moved to Texas and assumed a new name Here he 
led a respectable life as a farmer and family man Little did be realise that his 
fingerprints would eventually reveal his criminal history and escape from prison 
authority, thirty nine years passed before this disclosure In 1955 he suffered 
an lUness and was admitted (o a Texas state hospital, where fingerprinting is a 
tegular pat\ of ibt airmUance ptoetdute On leamng iba\ fingerpralmg was to 
be done, he freely told about fits escape and expressed relief that this history bad 
come to light The hospital prints, checked against the original record, proved 
that he was G C though under another name This story has a happy ending The 
authorities, m Mew of his long record of upright life, decided against returning 
him for completion of his sentence 

An assault to kill resulted m a five year sentence for W M , and he was 
confined in the Oklahoma State Penttentiaiy About a year later he was trans 
ferred to the State Reformatory, from which he escaped with less than half of 
his sentence completed Twenty five years after the escape he was arrested in 
Kansas on a charge of theft He was fingerpnnted, the record was sent to the 
FBI, and there he was identified as Ibe escapee who had en)o>ed a quarter 
century of freedom tV did not fare as well as G C of the preceding account, 
because he was returned to complete his sentence 

Sometimes arrest on a petty offense leads to the di3cla5ure of prior major 
crime, as m the instance of E C (alias) who was arrested m Phoenix, Arizona, 
on suspicion of stealing a waldi His fmgerpnnU were recorded as a part of the 
ordinary routine and referred tor identification He proved to be H C, wanted in 
California for the murder of a woman and her teen age daughter 

The next example concerns a man was picked up m the railroad yards 
in Pueblo, Cdorado Railroad officers took him to jail after discovenng that he 
had suffered loss of memory (amnesia ) He was held in jail for a week on suspi 
oon that be was F C, an escaped convict from another state F C’s brother, 
brought to Pueblo for the purpose, saw the amnesic man and found him to be 
of the same size and general appearance as F C but did not make a positive 
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identification Fingerprints of the amnesic trere made and sent to the FBI which 
promptly reported the identification as TM H of Lawrence Kansas who had 
served m the Navy Had it not been foe the touUne of fingerprinting personnel in 
the armed forces T*M H would not have been thus identified for return to his 
family 

A binge resulted in trouble for W CB a Californian After an attack on 
a night watchman he was jailed and brought to court on charges of intoxication 
and assault The judge sentenced him to JO days on the first charge and 150 days 
cm the assault \\ C B started to remonstrate the judge halted him 

and declared that the sentence was severe because of his record W C B insisted 
that he had no record but the judge retorted that the long record included an 
arrest in Colorado for seduction and another in California for violation of the 
Dyer Act U C B again denied having a police record Though ihe judge pointed 
out that the descnption from the ated record fitted exactly, hts confidence was 
weakened and he postponed sentence until fingerprints could be taken and 
compared with those of the record They did not match and \\ C B was relieved 
of the onus of another man s police record 

Mrs ET ol Beaumont, Texas was murdered by two hUchbikers Her 
automobile when found at a roadside coniamed pieces of womans apparel 
Several days after this a woman s body was discovered m a thicket 100 miles 
from the location of the abandoned car The body was tentatively identified 
by shreds of clothing that fitted tbe desaiptioo of garments worn by Mrs E T 
when she left Beaumont Although the body bad been extensively mutilated the 
right hand and left little finger were intact prints adequate for identification were 
obtained from tbe left little finger The police secured a lead indicating that Mrs 
ET had worked at a shipyard in Beaumont during World War II and that 
she bad been fingerprinted as an applicant for employment Prints from the left 
little finger were sent to the FBI for comparison with the fingerprints that had 
been filed there nine years before The identification which up to this time had 
been only tentatiie was thus conclusively established Both hitchhikers were 
convicted one being sentenced to life imprisonment and the other to death in 
the clectnc chair 

AoAtJwte gniftSjWA. «. nt Mass. B J a. yeac-oU. 

of Dallas Texas Her murderer decapitated the body and amputated the hands 
The headless body was found in a dry creek bed m Oklahoma the head and hands 
were recovered from a nver six miles away There were no significant dues to 
the identification and when the identification officers printed the fingers of the 
amputated hands it was considered unlikely that so young a woman would have 
been printed previously Howev*er, b^ description and the fingerprint record 
were arculated to local and state police in Texas Oklahoma and neighboring 
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stales Her identity ^as quickly discovered because she had a cnmmal record 
in Texas and Oklahoma her fingerprints were on file and the post mortem 
prints matched them 

PB a West \irginian twice convicted of murder had been jailed for a 
year Developments showed that he was mnocent of the crime for which he was 
charged and convicted Seven years previously CB {the same surname) was 
arrested On his way to the jail accivnpanied by a Justice of the Peace and a 
constable be requested and was granted permission to stop at his home for a 
change of shoes He emerged from the house with a gun fired and killed the 
Justice The unarmed constable fled from the scene and the killer escaped 
Later m Norfolk Virginia PB was arrested as the clamed murderer PB 
denied knowledge of the crime and declared that he was not C B but he was 
tried twice and found guilty A thud trial was imminent but at long last he 
was freed after proof that be was P B not C B The proof came through P B s 
fingerprints that had been recorded when be entered military service This 
of mistaken idenbty had serious enough consequences for its vict m and they 
would have been grave indeed in the lack of the positive identification funushed 
by his wartime fingerprint record 

M R R a mining engineer was arrested under the impression that be was 
M D a Chicago murderer who was being sought all over the United States 
There was a physical resemblance between the two men and both drove the same 
type of car MRR s car nas followed through three Cali/omia counties by 
deputy sbenfifs who had orders to shoot first and arrest afterwards He was 
taken into custody in Los Angeles luckily without being harmed Here his 
fingerprints were recorded and they immediately ehminated his identification 
with the wanted criminal whose pnnts were already on record 

A veteran of World War 1 P W K spent his final period of band to mouth 
existence in the Bowery area of New York City An illness requ red that he be 
sent to Bellevtic Hospital and there be died His body viticlairrvcd by relatives or 
fnends was buned m the city cemetery on Harts Island Fourteen months after 
the death PWK s brother John went to ibe Missing Persons Bureau in the 
attempt to trace PWK from whom there had been no word for two years 
He found P W K s photograph among the pictures of persons who had been 
given pauper burial or whose bodies were in the city morgue awaiting jdenl fica 
tioD The body of PWK was exhumed and fingerprints were taken These 
prints were identified m Washington as those of PW K who had enisled 
eighteen years earlier P W K s body was given a military funeral and his mother 
received the insurance and bonus money which only this positive identification 
could have released 

A baby bom to an umnamed girl was left in a truck that was unattended 
whfle the driver stopped for coffee in Rockville Connecticut The state police 
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were called and the infant was placed m Rockville Hospital Foolpnnts of the 
infant \vere taken and within a week matdiing prints were located m a local 
hospital where the child had been bom The name and address, as given by the 
mother, were fictitious but her thumb print was on the footprint card No 
matching thumb print was found in the file and none came through the identifica 
tion office But hospitals had been alerted to repcK^t any i^oman admitted under 
circumstances out of the ordinary Finally, ^%en years after the baby was 
abandoned, one such call turned up the elusive mother, her thumb matched the 
print recorded at the birth of her baby 

Identification by Chance Fingerprints 

All the foregoing cases imoive comparison of a previously filed ten finger 
set of prints with the prints of an individual Irving or dead, recorded for this 
purpose The next group of examples involves chance prints, pnnts left without 
intention by contact of the fingers A commwi form of chance print is demon 
strated if one grasps a drinking glass or a polished metal object The resulting 
fingerprints are visible if tbe surface is examined at a suitable angle and with 
favorable illumination They represent an impression of tbe thm, oily film that 
adheres to the fingers (com their contact with the face and scalp Such a print 
18 ^ latent’’ m the strict sense of the word, for it can be ^ developed into a clearly 
visible impression by one or another method—for example, dusting with fine 
powder selected for dark and light or color contrast with the background Tbe 
skin surface also carries a deposit from sweat which, like the oily film, can be 
developed by chemical means Chance prints may be impressed m a clearly 
visible medium, such as blood or paint, and they may be literally sculptured as 
m wax 

Mention has been made of files of single fingerprints ^\lien a file of this 
type is available the search for a matching print is expedited, but usually the 
search must be made otherwise as m the following examples 

Most commonly, latent pnnts figure in the hunt for lawbreakers, but 
occasionally they serve other purposes The police of Marysville, California, 
picked up on suspicion a man who was carrying an eleclnc flatiron Several 
fingerprints on the iron were deveicfied Some of the prints were those of the 
suspect and others did not match any of his fingers A search of the avilian 
fingerprint file led to the identification of the remaining prints with a local house 
wife, who farsightedly had been fingerprinted as a safeguard The safeguard on 
this occasion resulted only in the recosTry of her flatiron, but prints on file may 
some day pro^e far more useful lo the housewife or her family 

The notonous Jake Fleagle was m a four m an g^ g_^jLhddjJp^J)aDk^-^ 
m Colorado, killed the bank president and his son,[kidnapped a physiaan to hay^ry 
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h\m attend a wounded bandit and then murdered him SSTien the phj’sician s 
body was found, lo his abandoned car a usable print was developed on a window 
glass This print was forwarded to the FBI where Director J Edgar Hoover 
requested the identification workers to memorize its charactenstics and to be 
watchful for the pattern on incoming cards Some twenty months passed a card 
received from Stockton, California^ bote the telltale print Jake Flcaglc was 
soon under arrest Four men who bad been falsely convicted were freed 

A fourteen ycar-old girl was alone in her home one night sitting in the 
music room with a book, when someone outside shot through the French window 
wounding her The intruder ripped the wire of the back screen door broke a pane 
of glass, and then reached through to remov*e a large piece of the glass which he 
threw down After criminally assaulting the dying girl, he fled Only two bits of 
evidence were available, a print on the piece of glass and the recovered bullet 
A matching print was not found in the files and a call went out, asking that all 
males in the community over thirteen years of age appear for fiogerpnntmg Over 
three thousand were printed and eliminated as suspects There remained a half 
dozen who had not been fingerprmted and among them E 5 who was thought 
to be an e2<onvict ^^llen his prints were examined the right thumb was identical 
to the print on the piece of glass He confessed to the crime 

Palms anp Soles 

The ridge pattemings of palms and soles, and toes as well» conform m all 
fundamental principles of identification to those of fingers They are highly 
varuble in their major features and may be classified, though few identification 
offices maintain classified files of such prints Ordinanly, therefore, identifications 
are approached as in the examples to be related 

A senes of safe blowings, described as the most extensile in the history of 
crime in Norway, was solv'ed when one of the culprits was identified by palm 
prints In investigating one of the cases ui Oslo, the search for chance fingerprints 
was fruitless Imprints of gloves, on a glass topped desk, explained the absence 
of fingerprints Bui the cnnunal had neglected the tact that a section of the palm 
exposed at the glove opening provides for an identification no less positive than 
ttet aKurfiiffi by i m gtT p mna so '|Aaced Wib Wrrffs on V’ue iesk its \t» 

leave imprints of this exposed area The palm print files, which were started in 
Oslo in 1947 , were searched without success and the identification was not made 
until three years after the inodent reported above Three men were ar 
rested on charges of safe blowing in communities outside Oslo \l*hen their palm 
prints were recorded, one of the men was shown to be the glove wearer who 
had impressed a patch of each palm m the desk glass m Oslo 
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A killer in a London suburb left a palm print at the scene of bis crime A 
large scale project was undertaken m the arnimunity, the palmpnnting of every 
male over sixteen years of age Scotland Yard experts were assigned the task of 
comparing the chance print with each of some 9,000 palms that had been 
recorded Success came with the 4 , 60 Sth comparison The seventeen year old 
youth whose record print matched the chance print confessed 

Burglars may make their entries in bare ftet, as did this criminal in Florida 
He entered a house after removal of a plate glass panel from the kitchen door» 
which he placed flat on the floor The investigators of the burglary considered it 
likely that fingerprints would be present on the glass However, dusting of the 
marginal area, where prints would be expected from the handling, did not reveal 
any impressions Though no fingerprints appeared as the dusting proceeded 
centrally, a clear right footprint developed Within a few days, a man was 
arrested for breaking and entering a store in the same town His footprints were 
made, the right one was identical to the latent print on the glass in the home that 
had been burglarized 

Dismembered parts of a woman s body had been found m Boston Harbor 
o\er a span of nearly a month The police were informed by a concerned friend 
that Mrs G M A had been missing from her summer cottage m a Boston suburb 
The police entered the cottage and found a shambles On the bathroom floor, 
which bad been carelessly mopped, there was a naked footprint in blood Two 
men were suspects, of whom one was apprehended His footprints were recorded 
m prison One foot was identical to the bathroom print, he was found guilty of 
murder m the first degree, sentenced and executed 

Universal Fingerprint Registration 

Step by step, there has been progress through the years in the fingerprint 
registration ol law abiding alizens Millions of persons, realizing the benefits 
of such registration, have been fingerprinted voluntarily Others have accepted 
m good spirit the necessity of recording their prints men and women lo the 
armed forces applicants for positions of (rust that require this safeguard 
Mothers ot newlxirn uilants are gratelul lor <he protection aflorded in the record 
of their own fingerprints and the pnnts (usually soles) of their infants All this, 
and more examples which might be mentioned, is gratifying because the potential 
benefits of the fingerprint record are being extended to a rapidly mcreasing num 
ber of people Furthermore, it is a good sign of decreasing prejudice against finger 
prints through their assoaation with the criznmal element of the population The 
existence of such prejudice is difficult to explain, when the person has no cause 
to fear that his prints would lead to disclosure of a blemished past The prejudice 
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15 on a par with objection to being photographed, if anyone ever $o objected, on 
grounds that criminals are routinely photographed 

Consider some of the registrations of our modern living marriage license, 
birth, death, census, voting, Selective Service Social Security The day wfll come 
when fingerprinting will be likewise a commonplace, when every person will take 
for granted that hi 5 fingerprints must be recorded in the interest of himself, his 
family, and the population at large So far, efforts toward securing legislation in 
the direction of nation wide fingerprinting have failed but the legislation will 
come eventually Perhaps it will be modeled along the pnnople of an unsuccessful 
bill introduced in 1943 by Senator William danger of Korth Dakota, which 
provided for the initial fingerprinting of persons twelve years of age or older 
and| thereafter, the printing of those reaching the age of twelve It is obvious 
that any bill would set an age at which registration is compulsory and that 
differences of opinion on the appropriate age are inevitable But whatever the 
age prcfiosed parents may stilt tale advantage of earlier registration of their 
children on a voluntary basis, just as many have done and are doing now Pro* 
tests may be voiced by some on the b^sic issue of compulsion, the argument being 
that fingerprinting ts a violation of personal rights and liberties Such an argu 
men! loses force xn the face of the obvious (act that fingerprinting is for the 
benefit of good people, both rn its use in combatting crime and m its civil 
applications 

The case histones recorded in this chapter illustrate .benefits received 
through identification by fingerprints Some of the cases involve protection to 
society by CTiminal identifications Others arc direct personal advantages 
TMH , suffering from loss of memory, was restored to bis family W C B was 
absolved from blame for another mans police record The confusion between 
C B the killer and the innocent P B was cleared M R R was mistaken for the 
murderer D , and his prints i^ved the oiisUle The family of PW K was 
assured of his death, the mother received his service benefits Such cases art 
typical of thousands that occur every year And many other varieties could be 
added, drawn from recc^ds of ffoods, storms, fires, explosions, and wrecks of 
automobiles, trams, and ships Fingerprint identifications of checks and docu* 
ments and pocket identification cards already are gaming headway An article 
published in 1937 is headed **RiigeT Print Everybody? Yes—says John Edgar 
Hoover ” He and many others arc still saying "Yes ” 
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pattern intensity related to Mis. so6 
Interdigital intervals, 84,123 
Interdigital tnradu, palm, 97-99 207-20S 
sole, 121, 128, 206-208 
iDtermediate patterns, 81 
inheritance, 221-223 
in questioned paternity, 249-250 
Islands, 27, 31 
Italians, 252, 260, 262 

J 

Jam^cans, ^hite Black bybnds, 267-268 
Japanese, 133 252 260, 261, 262 263 
Javanese, 260, 273 
Jeus, 252, 260 26t, 262, 263, 273 

k 

KJdd, 21 

Kmkajou, 157,158 
Eoreans, 260 261, 263, 273 


L 

Latent prints 24,25 
Lateral pocket loops, 63 
of fingers, frequency 68 
of hallucal area, 126 
of toes, frequency, 134 ^35 
Lemur, <58, 159, 162, 264 
Lepnwy, gr, 270 
Liesegang rings. 36 
Line D indeti, palm, 108, 112-113 
Lines See Pj/ms, main hues, Soles, mom 
hues 

of palmistry, 85 
white, 36 

Loops, compared mth whorls, S 6 “ 57 . *26 
57 

frequency, 68 
head, 57 

inhentance, 223-224 
opening, 57 

plain and transitional types. 63-64 
radial and uloar contrasted. 57 
slant of core, it 

lateral pocket and twin loops, 63 126 
mirrored asynimetry, 
palm, hypothenar, loi 
iBterdigita) areas 11 IV, lofi 
theoar/jsterdipUl I 705 
sole, hallucal. 126,231 
hypothenar, 131-132 
uilerdifilals n IV 127-73* 

Lons, rdr 

hi 

hlacArlhur’s formula for twin diagnosis, 238- 

*40 

fifagnjfiers, 54-5S 
Mam lines palm, 86 

abortive states, 91-92 
accessory tnradii as ongins, 94-^7 
alternative formulation, 9*^ 
bilateral differences, xii. 112-113, **S. 

xiq, 174 > 197-198 
double formuJitions, 90 
dual formuUbons. 90, ixo 
evolutionary trend, 265 
formulation, 88-99 
fusions, 92-93 
inhentance, 217, 233 
line A, ifi, 113,114 2*9 
hne B, 111 119 
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Maia lines, palm, line C, triMta, tip, 

line D, xtf, xiA, xij, ti 4 « up 
bne-I> index, i&S 
line T, XIX 

main Lne index. 1x4^115 
cuirored asymmetnest tQ^ip4 
tn-cing, 87^&S 
in tinn compansona, A39 
sole, lAJ-ixj 

bilateral differences, xjo, aoo 
Malpigbi, tx, XI 

Man. compared other primates, 16a- 
t 7 ?,t 7 p 

^faDoars, 71-71,138 
Mark Twain, 16-17 
Marmosa, 157. X39 
Marmosets, x6s, 165 
Marsupials, X$7^ts8,159 177 
Mayas, 157, *71 
Mayer, it, 13 

hleasurexcenU, between pabsar landiurks, 

70 ^X 00 

ilants of planUr ndgea, tt4 
Mediterraneans, e5e, t6i 
Meet wborb, 61 
>fe<Uog of type tinea, 6 t 
^lelanesuuiA, 957, 760. 763 
3 ImuUae, 30-31,1^-155 
la identification, 149 
mhentaxKe, 3 3^731 
j0 non human pnnutes, r 5 P 
in questioned paternity, 748 
Mtrromig, 197-194 

3 fongoIiaoA (Ye!Iow 4 )roims). 731, 767, 963 

964, 965 

Mongoloid idiots, 779 
Mongols, 760 

Monkeys, New ^orld, 167, 165, 168, 179, 
J 75 . 17 ^ *77 

Old ^\orId, 167, x66, j68 I 73 - > 75 r * 7 ^* 
» 77 » *79 

Monocentnc patterns, of fingers, 135* *7^ 
frequesaes in fingers and toes 904 
MonQmofpbic kands, i8S, 976 
3 IonozygotiC twins, 715, 716. 935 937 
ilorphologic plan, comparative, 177 

cosfigQiatiOCiJ areas. 161-169, sja-xyj 
pads, 160-167,173 

MtttUer’s rules m qucstvoned paUnaty, 749 
3InItipljcatJ0u of ridges 106 
MutHatJon, intentional 4 *' 4 * 


N 

Nascent ndges, 30-31 
Natural selection* 254 
Negative prints 30 
Negritos, 757, 763 
Negroes, 131, as^f m» *65, 273 
Angola, 9fio 
East Ainca, 960 
JaiDiica, 960, 261, 96j 
libena, 960, 961, 967, 763, 763 
Portnguese colonies, 960 
Neolithic carvings, 4 
Nervt endings, 93,39.40 
Nerves, efTectsof cutting, 770 
Ncurofibroinatosia, 776 
New World monkeys, 169,165,16S, 177,175, 

*76,177 

Night monkey (Aotua), x6e, 162,164 
NordiO, i$7, sfix, 965 
Nonrcguna. 760 

Naraberger's rules m questioned paternity, 
U 9 

0 

Old World DODkeya. *62, *66, xfiity 17^ 175, 
176. xr?i >79 
(^n fields, 3S 

palm, hypothenix, xos 
intmLpu! areas HIV, ltd 
thenar/usterdipta] I, X03 
soU,ka31ucA2, isd, 131 
hypothcaar, t3i-i37 
interdigitals n IV, *77 *31 
Oraog (PoDgo), >67, i68* *73 
Oroks, Tfii, 763 
Outer terminus, $8 
Outside whorl, fix 

P 

Fad, for pnntang, 47 
Fads, volar, 65,157 
fus^Uos, 168 

morphologic plan, 160^169,173 
palmar hypothenar, 85 
palmar intetdigitals, 84 
Pair-gronp role, 73,196-197 
• Pairs,” in Wat^ assoevsUon, 73,196-197 
in identification nractice 145 
FaUo, 763 
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aa^tomiod &4-86 

comparative, 162^174 
configurational areas, 32-331 85 See aUo 
hyfCthtMrt thenarJtnierdititol 7, 
interd\tita!s lUlV 

evaluated for twin comparisons, 23^, 
^44 

formula^ 100 
digital areaa, S6 
emmences, 84 
tn identification, ro8, 144 
roam lines See Ham ItntSt pairn 
m moogoloid idiots, 279 
pattern frequencies and handedness, 375 
pnnting, method, 49-30 
raaal differences, 262, 263, 264 
ser differences, 274 
tnradu, 85-86 
Paper, for prints, 45-46 
Papillae, dermal, 39 
Paratbenar pattern, patm, 193 
Paratypic vanation, azi, 217,338 
Paternity, questioned, 247 

rules for, Essen MoUer, 247*248 
Geipe], 249-250 
Afueller, 249 
NUrnberger, 249 
PiUetft, defined, 3s, 56-5; 

primitive, 166-268 
Pattern area, of finger print, Sh 59 
Pattern torci, fingers, 78-dt 

and boddy propontons, 271 
compared in (be sexes 273 
inhentance, 221-233 
in questioned paternity, 249-250 
Statistics, 82 
in twins, 243 

variations related to axis, 204 
palm, inlcrdifiUla \\ IV, i»o 
toes, 139 

Pattern intensity, comparative, 174-177 
fingcn, 71 

raoal differences, 260-264 
IQ Vwms, 243 

Pattern size See quantttaUve vaiue 
Pattern symmetry, intrinsic, 191-193 
Pattern tj-pes, developmental explanatioD 
of differences, 182-185 
Pattern types of fingers, arch/\rhorl index, 71 
assooaUon of whocU and arches, 7»^3 
classifications of Galton and Henry com* 
pared, 60 

digital difierences of frequeticy, 67-70 
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Patttm types of fingen, and head form, 279- 
* 7 * 

indices, 71 
tohenUnce, 219-22 x 
m questioned paternity, 24S 
sex differences, 272-273 
transitiODs, 64-66 
latwin compansona, 259, 241-243 
Pattmmgs resembling derroatog^yplucs, 4-5, 

34-36 

Pattema within patterns, central pockets, 63 
of palmar bypothenar, 103 
Penetrance, 227-328 

Permanence of dermatoglyphtcs, 19, 20, 40- 
42,144, *47 
Petfoglyphs, 3-5, so 
Fhalanger, 258* *50 

Phalanges, middle and proximal, 83,173-174, 
206, 240 

Phenotype, 211, 255, 256, 269 
Pictographs, Indian, 3-4 
Plain arcbes, fingeii, 31, S 7 > 64*66 
halluea), 126, *31 
palmar bypothenar, ter 
Plain loops, fingers, 63 
Plain (dab) prints, 48 
Pleiotropy See Mcaoitan 
Point of core, 60 

Point of delta (tnradial point), 58 
PotQtet, Cot ridge counting, 55 
Poles, 263 

Pohomyehtis, 279-2S0 
Pon, 21 

Pebterung SeerwrAroning 
Polydactyly, 183, 1S4, »86» 238 

Pores, 27-28 

Portuguese, 132, 260, 273 
Pottery, finger pnoU in, 5-6 
Potto 162 

PreapiUtioa patterns, likened to derma to* 
gl>phics, 36 

Pninary dassificalton of finger prints, 145- 

146 

Pnroatc affinities, 176-177 
Primitive patterns, 166-168, 264, 380 
Pnnts, 27,29-30 See also//tier/rintr, palms 
refer ,tots 

chance (traces), 24-25, X44» *47# *48 
forms for, 4S“46 
id^tica), 29-30 
btent, 74, 25 

legible prints versus blobs, 27 



INDEX 


3 J 6 


Pnots, meUiods of pncUng, 47~48» 5 ^ 
tqmpTOtnl, 45 “ 47 i 5 ^ 
fiag«rt, 4^49 
infants, si’-ss 
mkless, s ^53 
paJms, 49^50 
soles, SO“Si 
toes, St 
X ray, S 3“54 
negative prints, 30 
IQ plastic natemla, 5-7, 

Probability, theory of, JS*“t 55 
Prosimiaos, 138,16a, 17a, 175,177 
Prostitutes, ado 
Pseudo-rligitaf tnradu, sole^ taa 
Psona&is, 376 
‘‘PtiAf’fvhetd tr 

Purkinje, 13 14,15 
Pwln, fingtt pn&t, t8 
Pygmies, Ef8, a6o, adj, «6s, ari 

Q 

Qua&tiUtive value £ji|ers, 76-7^, (85 
tad boddy proportions, 171 
frequency of viUues in loops, 7; 
tnbentince, aa4-aa8 
pattern types contrasted, 77^8 
in questioned paternity, a48*aso 
in twins, aj7, a 43 ‘a 44 
Quantitative value, toes, 13^140 
inheritance, ajr^asa 

R 

Races^ a$r, 133 See also names of races and 
national groups 
affinities traang of, 1^4-166 
classification, as*“^S^ 
concept of ta«, ass-ss* 
constitutional aspects, 269 
dtrmatoglyplucs as cnicna, 354-933 
differential regional variability, 958,255- 

336, 965 

gene frequenaes, 239-230 
geographic trends in variation, 265-266 
historical correlations, 266-267, 268 
hybnds, 267-268 
intangible variants, 257-258 
intraracia] vanabiUty, 266-267 


Races, lUtistical differences, 260-264 
toes 134,137 

traits Qsed in classification 251-252 

254-^58 

Radial (tibiai) loops, frequencies on fingen 
and toes, 203—206 

radial asymmetry explained, 303 204- 
206 

Radiants, 34-58 
of fingers, 57-59 
tracing, 59 

of palm, tracug 80, 87-88 
of sole, 121-122,129-130 

Ridges, 30-51 

aiding m touch, 14, 23-24 
breadth, bilateral differences, 199-200 
compactcive, 161-165 
growth, 28, 40 147 
hand ltng\h/ndge count index 163 
164 

inbeniance, 231 
ttponal vanaucpna, 24 90^209 
%n differences, 28, 272 
counting 55, 74-76 
m formulatiDg palmar m«a hnes, 107 
inner icrtninus, 60 
meet and non meet whotU, 61 
ooler terminus, 58 

defects in formation, 37, 181 182, 278 
<mbryo)og>, 2 80-185 
evolatjon, 158-159 
factors controlling alignment 

2*4 

fnctio&al resistance, 13, 23 
growth, 98, 40, *47 
lobncaUoTi, 2$ 
iRCipieDt (nascent), 30-31 
islvida, aj, $i 
rainutiae, 50-31,154-155 
in identification, 149 
inhentaace, 230-231 
a twins, 244 
oorpbology, 27 

pmaanence, 19, 20,4C>-42, i44. M7 
short ndgea, 5 1 

Rde s fonnuU for twin diagnosis, 255 

Right left differences. See biJatfra^ it^fftnus 

•‘Rings," 158-159 

Rod cores, 59-60 

RoDed prints, 48 

Roller, for ormtior. 



Rugae Zttndga 
Russians, 360, 373 
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s 

S*pattems, palmar hypotbenar, 10^ 

Sand patterns, Lbened to dermatoglyphics 
35 » 3 ^ 

Scales, as precursors of ridges, 158 
Scars, effects of, 41, 370 
Schizophrenia, 377-378 
Schlagtnhaufen, 3i 
Schroter, 13 
Seals, finger pnnt, 7, to 
Secondary classification of finger pnnts, 147 
Sex diSerences, bdalerat compansons, 273- 
»74 

constitutional aspects, 869 
and haodedoeas, 375 
importance in raoal samples, 358 
pairegroup rule, 197 
palmar mam Imes, 198 
pattern form, fingers, 873 
pattern frequencies 373,373 
m pohomyehtis, 37^880 
ndge breadth, 373 
m schisophretua, 377 
toes, 373 
Short ndges, 31 
Siamese, 261 
Siamese twins, 338 
Sight recognition, 143 
Simian Lne, 379 « 

Similarity method m twin diagnosis, 335'*e36 

Single finger print systems, 147 

Situs viscerum inversus, 194 

Skeleton of pattern, S 7 r 58* 50 

Skm, 33, 38-40, S56 

conum (dermij), 38-30 
aeases, 33, 36-37,83 
embryology of ridges, i8o-iSj 
epidermis, 38-39 
grafts of ndged skin, 43 
nerve endings, 33 
thickness of U>ers, 39*40 
Soles, 130-133 

comparative, 163-174 
configurational areas, 33 i3o-S3i See 
also Aof/uraf, kypothenar, mferdigi 
fjfr // /V', thtnur, and colccr 
evaluations for t>^m comparisons 344- 
845 

evolutionary companson with palms, 163 


Soles, in Identification, 144 
mam Unes, 133-133 
pruting, method, 50-51 
racial difiertncts, 36 3, 364 
slant of ndges, 130 
tread area, 50 
tnradu, I3i-X33 
Spanish, 360-373 
Spanish Indian hybrids, 368 
Spider monkey (Ateles), 163, 165,173 
Squirrd, 136, 157 
Staple cores, 59-60 
Statistical methods, 70 
Stocks' formula for twin diagnosis, 341 
Subcutaneous tissue, 40 
Sula, *7. 30,38 
Sumatrans, 860 

Supernumerary digits, 183-184, i86, 3o6, 338 
Sweat, compositioQ, 40 
Sweat glands, 38,39-40 
Sweat porei, 37-38 
Sweating, escessive, 870 
Symmetry, intrinsic pattern symmetry, 193- 
J97 htlaleral dtjtftncts 
Syndactyly, 183, 186, sox, 206-308 
Syrians (Mitwa)i) 360, 36t 363, 363 

T 

Table, for finger pnnting, 47 
Tabor, ifi, 37 

Tad, derautoglyphies, 175, 276 
fuQctjoD as a baod, 176 
Tarsier (Tartius), 163, 164 
Tarsipes, 13; 

Temperament, rSi 
Tented arches, fingers 64 
bailucal, 126 
palmar bypothenar, toa 
Termination (end), 31 
Terouni, 58, 60 
Tettnang District, 366 
Thenar, proximal, of sole, xrS 
Thenar/mterdigital I, palm classification. 
105 

frequencies of configuration types. 117, 
X19 

inbentaoce, 316-317, 838-333 
transitions, 187 

m twins, 317 
Thompson, 16 
Tibus (Cofra), 360 
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Too, T33-U5 
associ&tioQ, 
bjpedar, 133-139 
Uk 170 

and fingers compared, 133-140 
form, i 34 > »39 
frequenaes, 133-137 
transitiOTU, S33 
m tdenuficatjon, 144 
patterns, combmatioas in uidividitals, 

135- X3Q 

pnntiog, metfiod 5^31 
quantityUve 13^140 

sex djQerences, 373 
tvkoa, 131-331 

Touch, served by ndged skm, 14,13 24 156, 
Tracing, palmar main bnn, fl7-S5 
type line* of togtr prints, 59 
TriutsiUoDt) fil 
TrtuiUons, patterns, fingers, 64^6, 191 
palm, hypo thenar, 187 
interdifiUts II tV, 187 
thenar/interdjfiul I, rS; 
soICf hallticsJ, fs6 
toes, 131 

Tread araa aole, $0 
Tree ihreWi 157 
Tnndial point, 58 
Tnradu, 34, S 7 

distmfuis^ed from deltas, 58 
embryology, 184 
extiahouta), 59 
fingers, 51-59 . 

palm, accessary, 86, 94“97» 99”*oo 
axial, 86, 99-100, us 
digital, 85-86 90,107-108 
interdjgital, 97-99,107-108 
intertnradiaj distances, ro8 
radiants of, 34, 5^59 
sole, Jii-iii, iJ8, T29-130 
digital tniadui suppression, 108 
mterdjgita), iiT, 118,106^108 
pseudoniigital, tag 
'‘True fathers," 147,148 
True whotU, 60,6r, 63 ,65 
Twin loops, fingers, 63 
iiequency, 6S 
toes, 134-J3S 
Twins, iiS-^*^ a 3 S “>37 

afterbirth, 236,138 

bilateral and homolateral compansona, 

136- 137,140 
blood groups, 235,136 


Tinas, diagnosis, reliability, 137-138 
formulae, 135,13S-241 
fingers, minutiae, 231, 244 
mirror imaging 244 
patteni form, 143 
pattern intensity, 241 
pattern type, »39,14X-X43 
proximal phaUoges> 140 
quantitative value, 237,143-144 
palms, mam hnes, 239 
pattenia, 239-244 
thcsar/inlefdjgital S, 217 
pnntafiever identical, 149-150,151,211- 
111 

simdaniy method 135-136 
soles, a44‘’i45 
toes, 131-131 

Twistrd (b>c«»iT)t, Cpt douWe^Pted) pattens 
fingers, 68 
of chiDpamee, 170 
inbeflUDce iir 
m questioned paternity, 149 
toes, 135 

T*o*poiot discn DU nation, 23-24 

Type hoes, 57. 58 » 

U 

UniEDaouar, 71 

Ouiqucpessof a print, sit-iia 

V 

Varuttou, constitutional aspects, 169-270 
inUngible variants id races, 257-158 
inUaracul, 26^267 
ui nature, 250 
paratypic, sii, 117* 
noal chanctenzation, 351, 253 
regional difiereucn, 238, 255 i5h 265 

Vestiges, 31 

paliO,hypothenar. 102-203 
interdi^Uls 11IV, 106 
(henar/iuterdfgi tal I, lOj 
sole, hypothenar, 131-131 
lotenLgiUls n IV, 117 

Volar pads, 84,160^162,17^177» 179-180 
embryology, 178-180,185, !90-r9r 

Vucebcb, 15 

Hafloona, 260 

“WaiW* 158-159 
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Uebbifig (syndactyly), 183. i8d, 20 j, 206-208 
TVenxnger, J , 246 
^Tutc lines 36 

White^BlacIc hybnds m Jacnaica, 267-268 
^STutes, 231, 252, 261-262, 263, *6s 
Whorls, fingers, 56-57 
frequenaes, 68 

Galton and Heary usage contrasted, 
60 

inside ^rhorl, fir 
meet whorl, fix 
mirrored asymmetnes, 193 
outside whorl, fix 
size, 63 

true whorls 60, 61, 65, 6S 
palm, hypothenar, lox, 103 
mterdigitals ll tV, zo6 
thenar/iQterdigiul 1,105 
sole, hattucal 125-X26, ijt 
interdigiUls IIIV, 127,131 
tow, 133 -US 


Wilder^ K H, 20, 252 
Wilder, hirs 1 W , 21 
Wounds effects of, 41 

X 

X ray, effects of, 4t 
“pnnts/ 53-54 

Y 

\ patterns palmar hypothenar, xoj 
Yellow browns (Mongobans), 252, 262, 263, 
264 265 

Vethes Laboratories of Primate Biology, 159 

Z 

Zebra, stripes bbmtd to detmalDglypluci, 34 
Zygodactyly (syndactyly), 183 186, 202 
206-208 
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HAT Is SCILHCF^ N Canipb^lt 

The tote oE cxpetiTncni meatutemetu the (unction o( mathematics the 
ttaitire of scientific faus the differencr bcfueen and theories the Iimita 
tions of science and man) similarly provocatise topics are treated clearly and 
SMihout technicalities by an eminent scieniisi Still an excellent introduction 
to scitnUhc philosophy fl Margenau \ti P/iysscs Today A. first rate pnmer 
deserves a uide audience Se$enttpc Jmertcan igapp ^ ^ 

60(M5 2 Paperbound $i 

1 HF NATuaf oT 1 icm A\i> C^tota IN Tiif Orrs Ma Af Afinnaerl 
Uhy are shadows sometimes blue someiimcs green or other colors depending 
on the light and surroundings^ Uhai causes mirages? Uhy do multiple suns 
and moons appear in the sKy? Professor Minnaert explains these unusual 
phenomena and hundreds ot others in simple eat) to understand terms based 
oa optical lavst and the properties of light and color No mathematics is 
ret^uired but artists scientists students and eseryone fascinated by these 
tricks of nature tsill hn<t thousands of useful and amarmg pieces of informa 
tion Hundreds of obsenational experiments are suggested uhich require no 
special equipment son tllustmions photos x«t 4 . s 6 app &Vi ^ ^ 

20196 1 Paperlxiimd fa 00 

The Stxancc Sroat or the Quanta sr An Account roa the C£>eRAL 
RsAOta Of THT CftovtftH Of ItcAi UsoTaLftsc Oux PafSEST Atomic 
Knowlcdcf li Hogmann 

Presents lucidly and expertly vnh barest amount of maihematici the prob 
Jems and theories sshich Jed to modern quantum physics Dr Hoffmann logins 
siuh the closing years of the 19 th century uhen mtam mhing disciepanots 
uere noticed and with illuminating analogies and examples takes you through 
the brilliant concepts of Planck Emsiein fauli Broglie Bohr Schroedmger 
Heisenberg Dirac Sommerfetd re)nman etc This edition includes a xien 
long postscript carrying the story through O! the IxdoVs auemptjjig an 

account of the history and contents of our modem atomic phssicx which ha\e 
come to m) attention this is the best H Margenau \aTe Lmiersity in 
American Journal of Physus yt tables ami line ilhrscrations Index 27>pp 
3 y 4 X A 2051d5 PapcrliOiind 

Gkfat Ioxas of Modsxn MATHisiATrcs Thcix Natvrs and Use 
Ja^fit Singh 

Reader with only high school math mil understand main mathemaiical ideas 
of modern physics astronomy genetics psvcKology csolutton etc (letter than 
many who use them as tools but compreh^d little of their basic sinictiire 
Author uses his Hide knonledge of non mathematical fields in brilliant ex 
position of differential equations matrKes group theory logic statistics 
protitems of maihemaiicat (oundationx imaginary numbers vectors etc 
Original publication 2 appendixes 2 indexes 6^ ills 32 tpp x S 

205B7 8 Paperbound 
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The Music of the Spheres The Material Universe —From Atom 
TO Quasar, Simply Explained* Guy Murcbte 
Vast compendium of fact modern concept and theory obsened and calculated 
data, historical background guides intelligent la>m2n through the materia] 
imtserse Brilliant exposition of earths construction, explanations for moons 
craters atmospheric components of \en115 and Mars (with data from recent 
fiyby’s), sun spots, sequences of star birth and death, neighboring galaxies 
contributions of Galileo, T)cho Brabe, Kepler, etc , and (\ ol s) construction 
of the atom (describing newly discoveted sigma and %i subatomic particles) 
theories of sound color and light space and time, including relatuit) theory 
quantum theory. wa>e theory, probability theory, work of Newton. Maxwell 
Faraday, Einstein, de Broglie, etc Ecu presentauon yet odered to the m 
telligent general reader,' Saturday Aevieu Reused (1967) Index 519 illus 
traCions by the author Total of xx + ^IIPP 5 % ^ 

21809 0 21810 4 Two toliime set paperliound $5 00 


Four Lectui^ls Relativity and Space ChorUf Proteus StemmeU 
Lecture series, given by great maihemaiician and eletincal engineer generally 
considered one of the best popular level expositions of special and general 
relativity theories and related questions Siemmea translates complex mathe 
matical reasoning into language accessible to laytnen through analogy example 
and comparison Among topics covered are relaitviiy of motion location time, 
of mass, acceleration, 4 ‘dimensKonal lime space, geometry of the gravitational 
field, curvature and bending of space, non Euclidean geometry Index 40 
Illustrations x 4- i<tspp 61771 9 Paperbound $1 $5 


How TO Know the Wild Flowers, Mn WtUtam Starr Dana 
Classic nature book that has introduced thousands to wonders of American 
wild flowers Color season principle of organiration is easy to use even by 
those with no bounical training and the genial refreshing discussions of 
history, folklore uses of over 1.000 itaiive and escape flowers foliage plants 
are informacne as well as fun to read Over 170 full page plates collecteil from 
several editions, may be colored in 10 make permanent records of finds Revised 
to conform with 1950 edition of Grays >fanual of Bouny xlii + ! 5 ^pp 
Syi X 8^ 20352 8 Paperbound $2511 


Manual of the Trees or North America, Charles Sprague Sargent 
ycKi •OTcxcrrpsow^ •Sft muA LxmiprArtTnnvt tiSvtkht ^ 

tree characteristics, precise locations and distribution By dean of American 
dendrologists Every tree native to 1)3 Canada Alaska, 185 genera 717 species, 
described m detail—leaves flowers fniil, winterbuds, bark, vsood, growth 
habits, etc plus discussion of varieties and local variants, immaturily v-ariations 
Over 100 keys including unusual st page analytical key to genera, aid m 
identification 783 clear illustrations of flov*ers fruit, leaves An unmatched 
pennanent reference work for alt nature loven Second enlarged (1926) edilion 
Synopsis of families Analytical key to genera Glossary of technical terms 
Index 785 illustrations 1 map Total of 98*pp 534 * 8 

20277 1,20278 XTwo volume set |»aperlx>und JOoo 



CATALOGUE Of DOVER BOOKS 


Its Fvs to Make Things From Scrap Materials 

£vt^>n H<nhoff 

What use are empty spools tin cans bottle tops^ What can be made from 
rubber bands cloebn pins pap^ dips and buttons^ This booX provides 
simply Horded instructions and large diagrams shoHing you how to make 
cookie cutters toy trucks paper turkeys Halloween masks telephone sets 
aprons linoleum block and spatter pnnts — m a]] 599 projects! Many are easy 
enough for young children to figure out for themselves some challenging 
enough to entertain adults all are tematlabLy ingenious ways to make things 
from materials that cost pennies or less' Formerly Scrap Fun for Everyone 
Index 214 vUusiiaiiOTvs SlSpp 5% % 21251 5 Papetbound ‘J? 

Symbolic Logic and The Game of Logic Lewts Carroll 
Symbolic Logic is not concerned with modem symbolic logic but Is instead 
a collection of over 380 problems posed with charm and imagination using 
the syllt^ism and a fascinating dtagrammatac method of drawing conclusions. 
In 'The Came of Logic Carroll $ uhunsical imagination devises a logical game 
pUyed with a diagrams and counteta <mctudedy 10 matnpuUte hundreds cC 
tricky syllogisms The final section Hit or Miss is a lagmappe of loj addi 
tional puules tn the delightful CanoU manner Unld this reprint edtuon 
iMth of these books were rartiiei costing up to $15 each Symbolic Logic 
Index xxxt + idQpp The Came of Logic 96pp a vols bound as one x 8 

20192 S Paperbound $8 50 

MATKEMATfCAL PuzaLES OP SaM LoVO PaIIT I 

SfUded and fdittd by St Cardntr 

Choice puzzles by the greatest American puzzle creator and innovator Selected 
from his famous collection Cyclopedia of Puzzles they retain the unique 
style and htuort^l flavor oC the origmaU There are posers based on anthmettc 
algebra probabifitv game theory route tracing lopology counter and sliding 
bWX oi^ations research georaeuica) dissection Includes the famous 1415 
puzzle which was a national craze and his Horse of a Different Color which 
sold millions of copies 117 of his most ingenious puzzles in all izo line 
drawings and diagrams Solutions Selected references xx ^ ^ ^ 

20498 7 Paperbound gi 3^ 

Strisc Figures a>d How to Make Them Caroline Furness Jayne 
107 string figures plus variations selected from the best primitive and modern 
examples developed by ^avayo Apache pygmies of Africa Eskimo in Europe 
Australia China etc The most readily understandable easy to follow book tn 
English on perennially popular recreation Crystal clear exposition step by 
step diagrams Everyone from kirsderganeiv children to adults looking for 
unusual diversion will he endlessly amused Index Bibliography Introduction 
by A CHaddon 17 full page plates 960 illustrat tons xxiij«^40ipp sH ^ 

20152 X Paperbound S2 tj 

Paper Folding for Becinncxf II D Murmy and F / Rigney 
A delightful introduction to the variot and entertaining Japanese art of 
origami (paper folding) with a full crystal-^ear text that antKipates every 
difficulty over clearly labeled diagrams of all important stages in creation 
^ou gel resuUs al each stage stsKt compfex figures arc logically developed 
from simpler ones. 43 different pieces arc explained sailboats frogs roosters 
etc fi photographic plates 279 diagrams 93PP 5^4 x 

20713 7 Paperbound Sixio 



LATALOUht 0 ¥ DO\Bn BOOKS 


Princmles Of \rt Histor\ 

H 

\nal)2ing such terms as lKiroc|ue classic ncocla^sic jinrimisc 
pictiires<|ue and i(\\ diK'erenI tsori^ artists hke Rotdcclli ^all Close 
Ourer Holihema l{o)f>ein Hals Reinhmndl littan I^nteghcl \crmccr and 
ttian^ others the author e^tahliUK^ the ^lasMhcatious o( act lusuir^ z\\<\ st^lc 
on a firm concrete basis Hiis classic of art n^iticisni shous tihac lealh 
occurred fietueen the 14th ceiiiiir) pnmitises ami ihc sophistication of the 
iHih centuf) in terms of l>asic aiutudes arul philosophies \ remarkable 
leston in the art of seeing Sot J?ei of {iteraiure Trsnslated from the 7th 
German eihtion 170 illustraitons R>ipp ^ 20276 3 Paperbound S2 2j 

Primitue Art 
Frons Boas 

I his aulhontatne and e\haiisti\e stork b\ a great American anthro|>o]ogisi 
cosers the entire gamut of piimitnc art I otters leatheruork rnetal nurk 
stone ssork noo<( liasketrs are treated in slecatC theories of primitisc art 
historical depth m art histois technical vircuosiCs imconscions Icsch of pal 
terning 8 )mlx)hsm st>le 5 literature music dance etc \ must I>ook for the 
mteresteti la}man the anthropologist arii^c haodicrafter fhiituiretls of un 
usual motifs) and the historian Oser illustrations ceramic sessels 
12 totem |>o]es etc) 376 pp 5 HX H 2D025 0 Papcrlmund 5a rrj 

IHF GENTLCMAS and CaDINST MaKFRS DlRfCTOR 
Thotttas Chtpp^ndale 

S reprint of the 1762 catalogue of liirniture designs ihat s>eiu on to mrTueme 
generations of bnglish and Colonial ami EarU Republic Kmcnean firrnilurc 
makers The a<Mi plates most of them full page sued shou Chippendale s 
designs for French (Louis W) (•oibn and Chinese manner chaiu srjfjs 
canop) and dome lietls cornices chaml>er organs cabinets shaving tables 
commodes picture frames frets camlle stands chimnc) pieces decorations etr 
Ihe drawings are all elegant and high!) detailed many include consiruciiaii 
cljagrams and elesaiioni A supplement of at photographs shous surviving 
pieces of original and Chippendale style pieces of furniture Rnef biography 
of Chippendale by N I Bienensiock cdiloi oC Funii/ure WoHd Repiodiicetl 
from Che 1762 cdicmn 200 plates plus i<y photc^^phic plates si -f *t9pp 
OVi X 12^4 21601 2 Papctliound 

Amsiiican Anti<^i> fiRNmas \ Rook sor Kvisinas 
Fdgar G Jr 

Standard mtioducivon ami pracitol guide so identirvcatiou of vafuabfc 
American antique furniture 2115 illustrations mostly photographs taken bv 
the author m 14S private homes are arranged in chronological order in evtcn 
sivc chapters on chRirs sofas chests desks licdsteads mirrors lafiles clocks 
and other articles Focus ts on lunviUire aceessvble to the coUccUvc uvehiding 
simpler pieces and a larger than usual coverage of Fmpire style liiircxluctory 
chapters identify structural elements characteristics of various stvies how to 
avoid fakes etc “\\c are frcquenlh asked to name some Iiook on American 
(utniuiTt that will meet the requirerocuts of the novice collector the tvegin 
uing dealer and the general public AVe liebcve Mr Millers luo 

volumes more completely satisfy this s|»eciricalion than any oiher v^oik" 
Aiittqurs Appendix Index I otal of \i + iior»j>p 7^J^ \ lovj 

21599 7,2l€00-4 luu stdunu. set lupecUnuid $7 30 



CATALOGUE OF DOl ER BOOKS 


1 HE Bad Child s Rook or Rfasts More BfASTf for Horse Children 

an<) \ Moral XirHARvr If Helioc 

Hard IV and antholo^ of hiimorcws xcrse has appeared m the last >a years 
uithout at least a couple of these famous nonsense verses Rui one must see 
the entire volumesuith all the delightful original illustrations b) Sir Basil 
Rlackuood ^ to appreciate fully Rellocs charming and nitty verses that play 
so subacidly on the platitudes of life and morals that beset his day — and ours 
\ great humor classic Three liooks in one Total of i57pp 5% x 8 

207^9 8 Paperbound $1 00 

The Devils Dictionary Anhrose /lieree 
Sardonic and irreverent liarbs puncturing ihe pomposities and absurdities o! 
American jX)litics business religion literature and arts by the country s 
greatest satirist in the classic tradriion Epigrammatic as Shaw piercing as 
Swift American as Mark Twain Hill Rogers and Fred Allen Bierce will 
always remain Ihe favorite of a small coterie of enthusiasts and of writers 
and speakers whom he supplies with some of the most gorgeous witticisms 
of the English language <H h Mencken) Over looo entries in alphabetical 
order Hipp ^ 2 CM 67 1 Paperbound $100 

Thc CoiRLtiE NONse\sc Of Edward Li ay 
lliis js the only complete edition of this master of gentle madness available 
at a popular price A Book of Konsense Sonunse $o»gf More ^OFrlenrtf 
Songs crtd Slortes in their entirety with all the old favorites that have delighted 
children and adults for years The Dong Huh A Luminous Nose Thejumbbes 
The Owl and the Pussycat and hundreds of other bits of wonderful nonsense 
a 14 limericks 3 sets of Nonsense Botany 5 Sonsen$e Alphabets 5^5 drawings 
by Lear himself and much more gtopp 5^ x 8 20167 SPaperl^und $1 

The Hit ano Humor or Oscar Uildc ed ty Alvtn Redman 
Hilde at hi$ most brilhani m 1000 epigrams exposing weaknesses and 
hypoenstesof civiUaed oxiecy Divided into 49categor ms— sict wealth women 
America etc —to aid wniers speakers IrKliides excerpts from his trials IxToks 
plays ciitKisiti Formerly The Epigrams oC Oscar ilde Introduction by 
Vyvyan Holland AVilde a only living son Introductory essay by editor sSopp 
5^ X % 20602 S Paperbound 

\ Childs Primfr of Natural History OUivr Herford 
Scarcely an anthology of whimsy and humor has appeared in the last ^0 years 
Without a contribution from Oliver Herford Aet the works from which these 
examples are drawn have lieen almost impossible to obtain' Here at last are 
Herford s improbable definitronsof a menagerie of familiar and weird animals 
each verse illustrated by the authors own drawings 24 drawings in 2 colors 
24 additional drawings vri ^ 9 ;jPP X 6 21647 0 Paperbound $1x10 

The Brownies Their Book Palmer Cox 
The book that made the Brownies a household word Generations of readers 
have enjoyed the antics predteaments and adventures of these jovial sprues 
who emerge from the forest at night to play or to come to the aid ot a deserving 
human Delightful illustrations by the author decorate nearly every page 
24 short verse tales with a66 illuscxations V55pp 6^^ x 914 

21265 5 Paperbound $i 50 



CATALOGUE OF DOfER BOOkS 


Easy to do ENTEItTAlHMENTS DlV£MlO>S WITH CoiNS CARDS 
StRiNC PAr?R AND Matcmfs i? M Abrcham 
0\er 300 Iricks games and puzzles uiU provide young readers \Mih absorbing 
fun Sections on card games paper folding (neks Hiih coins matches and 
pieces of string games for the agile toy making from common household 
objects mathematical recreations and 50 miscellaneous pastimes Anyone m 
charge of groups of youngsters incJndiiig bard pressed pirenis and irt nc«J of 
suggesitous on how to keep chrldten scnsildy aroused and r^utctly content 
Will find this lK)ok indispensable Clear simple text copious numixrr of delight 
ful line draiMngs and illustratise diagrams Originally tilled Winter Nights 
Entertainments Introduction by Lord Baden Powell 329 illusiraiions v -|- 
i86pp 5^4 ^ 20921 0 Paperlx>und Suoo 


As Introduction to Chess Moves and Tactics Suiplv ExrLAisrn 
I eono/d fiorden 

Beginners introduction to the royal game Names possible moves of the 
pieces dehniiions of essential terms how games are uon etc explained m 
30-odti pagts With this background you U be able to M right down and play 
Balance of lx>ok teaches strategy ^openings middle game typical endgame 
play and suggestions for improving your game \ sample game is fully 
analyzed True middle level introduciion teaching you all the essentials with 
out oversimplifying or losing you in a mare of detail fgures lorpp 
X 8(4 212)0 6 I’aperboiind $1 >5 


Lasker 8 NfANCALopCiiFss Dr Fmanuf! Lasker 
I’rohahly the greatest chess player of modern times Dr Emanuel Lasker held 
the world championship ea years independent of passing schools or fashions 
rhvs unroaithed study ot iVie game chvefty lor rnrtrroedlsatt to players 
analyzer basic methods combinations position play the aesthetics of chess 
dozens of different openings etc with constant reference to great moefern 
games Contains a linlhant exposition of Steioitzs important theories Intro 
cluction by Fred Rcinfcld Tables of Laskers toumameni record 3 indices 
308 diagrams 1 photograph xxx -p 549pp ^ 8^0640 81 aperl^ound 6* V* 


Combinations Thf Heart of Chess /rving Chemev 
Step by step from simple combinations to complex this book by a well 
known chess writer shows you Che intricacies of pins counter pins knight 
forks and smothered mates Other chapters show alternate lines of play to 
those taken in actual championship games lioomerang combinatjonv classic 
examples of brilliant combination play l>y Nimzovich Rubiiistein larrasch 
Boivinnik Alekhine ansi CapabTanca Index diagrams i\ + *tjPP 
5^4 X 21744 2 VaperlxAind *^2 00 


How TO Solve Chfss Frobisms A S Houard 
FuU ol practical suggestions for the fan or the Ivegrouer — who Vuows oivly the 
moves of the chessmen Contains preliminary section and 58 two move 46 
three move and 8 four move problems composed by ay on islanding Xmerican 
problem creators in the last 30 yean. FxplaitRtion of all terms and exhaustive 
index Just what is v^anled for ihc aiudeivt Brian Harley ita problems 
solutions VI + 171PP 5^4 X 8 20748 X I aperbouiid Si 50 



CATALOGUE OF DOVER BOOKS 


Fairy Tale CoLLEcrtoNS tdiUd by Andrew Lang 
Andrew Lang s fair) uIccoHcclions nuke up ihe richest shelf fulJ of traditional 
children s stories anywhere availahje Lang supemsed the translation of stories 
from all o\er the world—lamihar European tales collected by Grimm animal 
stones from Negro Africa tnyibs of primitiie Australia stones from Russia 
Hungary Iceland Japan and many other countries Lang s selection of irans 
lations are unusually h gh many auihonties consider that the most familiar 
tales hnd iheti best YCistons to these \oluines All toUettions are nchly deco¬ 
rated and illustrated by H J Fold and other artists 

The Blue Fairy Book gy stories i$8 iBustradons tx ^ S 9 ^P ^ 

2 U 57 D Paperbound 

The Greev Fairy Book 4t stones too illustrations xm 4* S^PP 

X 8^ 21459 7 Paperbound $1 7^ 

The Brows Fairy Book 51 stories 50 diustralions S in color xii -j- 

3^opp 5^ X 854 21458 & Paperbound $1 9^ 

The Best Tales of Hoffmanv edited by E F Bltxler 
10 scones by £ T A HofTmann one of the greatest of all writers of fantaay 
The tales include '‘The Golden Flower Pot ‘‘Automata A New \ears Eve 
Adventure '‘NutcracUr and the King of Mtce** ''Sand Man and oiheri* 
Vigorous charactentations of highly eccentric personalities remarkably imagi 
nalive situations and intensely fast pacing has made these tales popular all 
over the world for 150 years Editor's mir^ucuon 7 drawings by Hoffmann 
xxxJiJ 4t9pp X 814 21795 0 Paperbound }«f5 

Ghost asd HotRoa SroRiei or Asiatcsc Bieice 

edited by E F Btetttr 

Morbid eerie homfyiog tales of possessed poeu shabby atiitocrais revived 
corpses and haunted malefactors. Widely acknowledged as the best of their 
Kind between Poe and the modems reflecting iheir authors inner torment 
and bitter view of life Includes ‘'Damned Thing " “TTie Middle Toe ol the 
Right Foot The E)es of the Panther "Visons of the Night Moxons 
Master and over a dosen others. Editors introduction xxu 4. 199PP 5}4 
X 8^ 20767 6 Paperbound $1 50 

Three Gothic Novels edited bv E F Bleiler 
Originators of the still popubr Gothic novel form influential $n ushering in 
early 19th century Romanticism Horace Walpoles Castle of Otranto William 
Beckford s I at he A John Polidoiis The lampyre and a Fragment by Lord 
Byron are enjo)able as exciting reading or as documents in the history of 
English literature Editors introduction xi ^ E91PP x 

21252 7 Paperbound $200 

Best Ghost Stories of Lefanu edited by E F Bletler 
Though admired by such critics as V S Pritcheit Charles Dickens and Henry 
James ghost stones by the Irish novelist Joseph Sheridan LeFanu have 
never become as widely known as his detective Action About half of the 16 
stones m this collection have never before been available m America Collec 
tion includes Carmilla (perhaps the best vampire story ever written) The 
Haunted Baronet '* "The Fortunes of Sit Robert Ardagh " and the class c 
"Green Tea Editors introduction 7 contemporary illustrations Portrait of 
LeFanu xu -f- x 8 20415-4 Paperbound la^o 



CATALOGUE OF DOPER BOOKS 


Easy to do Emcrtainments and Divztsioss with Coins Cards 
String Paper and AfATCMTS R W Abraham 
Over 300 tricks games and piuTles will provide >oung readers uith absorbing 
fim Sections on card games paper folding ends with coins matches and 
pieces of string games for the agile to) making from common household 
objects mathematical recreations and 50 miscellaneous pastimes Anyone in 
charge of groups of youngsters including hard pressed parents and in need of 
suggestions on how to keep children sensibly amusetl and quietly content 
will find this hook tndispensahte Clear simple text copious numl)er of delight 
ful line drawings and lUustratne diagrams Originally titled inter Nights 
Entertainments Introduction by Lord Baden Powell 329 illustrations v •\~ 
i86pp 5^ X 81^ 20921 0 Paperbound $ixxj 


An Introduction to Chess Movrs and Tactics Simply Explained 
Leonard Barden 

Beginners introduction to the royal game Names possible mo\es of the 
pieces definitions of essential terms how games are non etc explained in 
30-odd pages INith this background you 11 be able 10 sit right down and play 
Balance of book teaches strategy ^ openings middle game typical endgame 
pUy and suggestions for improving your game A sample game is fully 
analyzed True middle level inttodiiction teaching you all the essentials with 
out ovetsimpUfying or losing you m a maze of detail 58 figures voapp 
SM ^ 21210 6 Paperlwund $1 tg 


Lasker a Manualop Chess Or EmanutI tajker 
Probably the greatest chess player of modern times Dr Emanuel Lasker held 
the world championship sH years independent of passing Khools or fashions 
This unmatched study of the game chiefly for intermediate to skilled players 
analyzes basic methods combinations position play the aesthetics of chess 
dozens of different openings etc with constant reference to great moileru 
games Contains a brilliant exposition of Sieinius important theories Intro 
duction by Fred Keinfcld Tables of Laskers tournament recortl 5 indices 
308 diagrams 1 photograph xxx 4- 5I9PP 5^ R ft.20640 SPaperljound $2 fjO 


Combinations The Heart of Chess Irmng Chemev 
Step by step from simple combinations to complex this b€x>k by a well 
known chess writer shows you the inincacies of pins counter pins knight 
forks and smothered mates Other chapters show alternate lines of play to 
those taken in actual cliampionship games lioomerang combinations classic 
examples of brilliant comlunation play by NiiWTOMch Rubinstein Tarrasch 
Botvin nik Alekhine and Capablanca Index 3^6 diagrams ix 4 9 \jpp 
bVi X 8 j 4 21744 2 Paperljound 5200 


How to Solve Chfss I'ROBiFMa A 5 liouard 
Full of praciical suggestions for the fan or the lieginncr— who knows only the 
moves of the chessmen Contains preliminary section and 58 two move 46 
three mose and R four move problems tomposeil liy tj outstanding American 
problem creators in the last 5a years Explanation of all terms and exhausthe 
index Just what is wanted for ihe student Brian Harley 112 problems 
solutions VI -I- 17IPP 5Vi X 8 20748 X 1 aperbound $1 50 



CATALOGUE OF VOi ER BOOKS 


Social Tholciit fkom Lokf to Scic^ct 
H E Barnes and H Bucket 

\n immense survey of sociolo^tcal thought and tvays of viet^mg studying 
planning and reforming society from earhoa times to the present Includes 
thought on society of pre)iterate peoples ancient non Western cultures and 
every great movement m Europe Vmerica and modern Japan Analyses hun 
dreds of great thinVers Plato Augusimc Bodin \icd Montesquieu Herder 
Comte ^^a^( etc Weighs the conIrilnilions of Utopians sophists fascists and 
communists economists yunsss phtfovopheta ecclesiastics and t\try vQth 
and aoth century school of scientific sociology anthropology and social psy 
chotogy throughout the v^orUI Ccunhines topical chronological and regional 
approaches treating the evolution of social thought as a process rather than 
as a series of mere topics Impressive accuracy competence and discnmma 
tion easily the l>est single survey Katton Thoroughly revised with new 
material up to i 960 s indexes Over ttoo hibliographical notes Three volume 
vet Total of is^Cpp sVS x ^ 

20901 6 20902 4 2090) 2 I hree volume set papertiound $ 9 J)o 

\ HUToav Of HiSToatCAt W anise Harry Elmer Barnes 
Virtually the only adequate survey of the whole course of histoncal writing 
in a single volume Suneys developments from the beginnings of histonog 
raphy in the ancient Near East and the Classical World up through the 
Cold War Covers major historians in detail shows interrelationship with 
cultural background makes clear individual contributions evaluates ard 
estimates importance alvo enormously rich upon minor authors and thmlers 
who are usually passed over TaeVed with scholarship and learning clear easily 
written Indispeimhle to every student of histoo Revised and enlarged up 
to Index and hibbography xv 4.44app 5^ x fivi 

20104 X Raperbound $275 


Johann ScaASTtAV Bach Fhihpp Spitta 
The complete and unabridged text of the definitive study of Bach Written 
some 70 years ago it is still unsurpassed for its coverage of nearly all aspects 


of Bach s life and work There could hardly be a finer non technical introduc 
Cion to Bach s music than the detailed lucid analyses which Spitta provides 
for hundreds of individual pveers sfi solid pages are devoted to the B minor 
mass for example and 50 pages Co the glorious St Matthew Passion This 
nvonumenial set also indude$a major analysis of the music of the 16 th century 
Buxtehude PachelM etc Unchallenged as the last word on one of the 
supreme genius of music j<^n Barkham Saturday Rn/ieu; S\ndtcate Total 
of 2819 PP Heavy cloth I mding 5 }^ x S 

22278 0 2^99 Two volume set clothbound $ 15 ^ 


BtiTHOvrs AND Kls Nisr SyvseKOMFs Crorgf Croue 
In this modern middle level classic of musicology Grove not only analyses all 
nine of Beethoven s symphonies very thoroughly m terms of their musical 
structure but also discusses the circumstances under which they were written 
Beethovens stylistic development and mvKh other background material This 
IS an extremely rich book yet very easily followed it is highly recommended 
to anyone seriously interested m music Over 250 musical passages Index 
Mil ^ 407 PP 5^^ X B 203)4-4 Paperbound }2 25 



CATALOGUE OF DOVER BOORS 


Three ScIE^cE Fictio*^ Novels 
John Tame 

Acknowledged hy man) as efie bcsl SF striicr of ihc 1920 s Tame (under the 
name Eric Temple Bell) wzs also a Professor of Mathematics of considerable 
renown Repnmed here are The Time Street 1 generally considered Tames 
l>est The Greatest Game a Inologidl fictiou novel and The Purple Sa}phiTe 
involving a siipercivilization of ihe past Tames stones tie fantastic narratives 
to frameworks of original and logical scientific concepts Speculation is often 
profound on such questioni as the nature of time concept of entropy cvcheat 
universes etc 4 contemporary rUustiations v ^ 53tpp n 8^4 

21180 0 Paperbound $250 


Seven Science Fiction Novels 
H a Metis 

Full unabridged texts of 7 science fiction novels of the master Ranging from 
biology physics chemistry astronomy to sociology and other studies Mr 
^Vells extrapolates whole worlds of strange and intriguing character One 
will have to go far to match this for entertainment evcitement and sheer 
pleasure Neiy }ork Times Contents The Time Machine The Island of 
Dr Moreau The First Men in the Moon The Invisible Man The Uar of the 
Worlds The Food of the Gods In The Days of the Comet ioi5pp x 8 

202&f X Clothlwund $<>oo 

a8 Science Fiction Stories or If G Wells 
Two full unabridged novels Men Ltke Cods and Star Deg^otien ph t s5 short 
stones by the master science fiction writer of all time' Stones of space time 
invention exploration futuristic adventure Parital contents The Coutttn of 
Ihe Blind fn the Abyss The Crystal Egg The Man Mho Could Mork Mtracler 
A Mory of Days to Come The £mpire 0/ (he Ants The Mogte Slop The 
talley of the Spiders A Story of the Stone Age I nder the knife Sea Raiders 
etc An indispensable collection for the library of anyone interested in science 
fiction adventure gaSpp 594 x S 202fi5 8 Clothbound $1; ou 


Three Martian Novel* 

Edgar Rice Burroughs 

Complete unabridged reprinting in one volume of Thiivia Maid of Mars 
Chessmen of Mars The Master Mind of Mars Hours of science fiction adven 
lure by a mcKlern master storyteller Re^t in large clear type for ea$> reading 
ifi illustrations by J Allen St John vi -p 49opp 5^4 \ B14 

20039 $ Paperlxnind $2 %o 

An ISTFLLrCTUAL AND CtLTVRAL lIlSTORV OF Tllf MtSTERN ORLD 

Harry Elmer Barnes 

Sifonumental 3 volume svirvey oC ititeUeclual development of Europe from 
primitive cultures to the present day Every significant product of human 
intellect traced through history an literaiwre mathematics physical sciences 
medicine music technology social sciences religions yiinsprudence etiucatjon 
etc I reveuuiion is Uicid and specific anatyimg in detail specific discoveries 
theories literary works and $0 on Revised fi^j) by recognireil scholars in 
specialized fields under the direction of Prof Carnes Revisctl bibliography 
Indexes illustrations Total of xxix + i3tPpP 

212*5 0 21276 9 21S77 7 iTiree volume «t paperUnind $8.2^ 



CATALOGUE OF DOl ER BOOKS 


La DoncME by Giacomo Puccini 
transiated ond inirodt^t^d by Ellen ff Bieiier 
Complete handliook for the operagocr itUh eier>thing needed for full enjO) 
mene except (he muucal $coie itself Complete lulian libretto uich ne^^ 
modern English line by line translation—the only libretto printing all repeats 
biography of Puceini (he librettists background to the opera Murgers La 
l^heme etc circumstances oC composiiton and performances plot summary 
and pictorial section of 75 illustralions shoving Puccini famous singers and 
performances etc Large clear type for easy reading i«4pp 5^ x Si/i 

2 M 04 9 Paperbound $1^5 


Antomo STaAtuvAKi Hfes Life akd Woxk (ifi^f i737) 

II Henry Htfl Arthur F Hilt end Alfred F Hdl 
Still (he only book (hat really delves into life and art of the incomparable 
Italian craftsman maker of the finest miKical instruments m the uorld today 
rhe authors expert violin makers chernselves discuss Stradivari s ancestry hi5 
constriictiQu and finuhmg techniques dtstioguishcd characteristics of many 
of his instruments and their locations Included too is story of introduction 
of his instruments into France England first revelation of their supreme 
meric and information on hii laWls number of instruments made prices 
mystery of ingredients of his varnish (one of pre i6$4 Stradivari violin and 
changes between i6S| and 1690 An extremely soteresiing informative account 
for all music lovers from craftsman to concert goer Repubbcation of original 
(1909) edition New incrodiiciion by Sydney Beck Head of Rare Book and 
Manuscvtpt Collectlonv Music Omvton New \osV Fubbc Libmy Analytical 
index by Remliert IVurhuer Appendixes illustrations 30 full page plates 

4 in color XXVI 4. s^spp x $V 4 gCM 25 1 Paperbound Jatj 


Musical Autocwapus vaom Mostcvtxnt to HssntMttH 
Emcnuel If tnterntlt 

For beauty for intrinsic interest for perspective on the composer s personality 
for subtleties of phrasing shading emphasis indicated m the autograph but 
suppressed in the printed score (be mss of musical composition are fascinating 
documents vthich repay dose study in many different ways This s volume 
work reprints facsimiles of mss by virtually every major composer and many 
minor figurcS'-i 95 examples in all A full text points out what can be learnevl 
from mss analyzes each sample Index EibliogTaphy hgum 196 plates. 
Total of 170PP of text x 10^ 

21512 9 2)515 7 7 ho volume seu paperbound 5 o-oo 


J S Bach 
Albert Schuettzer 

One of the few great fulllength studies of Bachs life and nork and the 
study upon which Schweitzer s renown as a musicologist rests On first appear 
ance (1911) revolutionized Bach performance The only v«Ti(er on Bach to 
i>e musicologist performing musician and student of history theology and 
philosophy SchwemcT contributes panirularly lull sections cm history of Oei 
man Protestant church music theories on mot ivie pictorial representations 
in vocal music and practical suggestions for performance Translated by 
Ernest Newman Indexes 5 lllusuations 6yi musical examples Total of xix 
-j- 998pp sVs ^ 8^4 21651 4 216522 I wo volume set paperbound $1 5 ® 



CATALOGUE OF DOl£R BOOKS 


The Methods of Ethics Henry Sid^ick 
Propounding no organized system of its o^^n study subjects ever) major 
methodological approach to ethics to rigorous olijective anal)s s Sin () dis 
cusses and relates ethical thought of 1 iato Aristotle Ben (ham Clarke D itlcr 
Hobl>es Hume Mill Spencer Kant and dozens of others Sidguick retains 
conclusions from each s)stem which follow from ethical premises rejecting 
the faulty Considered b) many in (he field (o 1 e among the most important 
treatises on ethical philosophy AppendiK Index xlvii 4. 528pp 5^^ x 

21608 X Paperboimd fa 50 

Teutonic Mythoi-ocy Jakob Gnmtn 
A milestone jn ’Western culture the hork nhKh estabhrhed r/n 2 modern 
basis (he study of history of religions an<f comparative religions 4 volume 
work assembles and interprets everything available on religious and folk 
lonsCic lieliefs of Germanic people (including Scandinavians \nglo Savons 
etc) Assembling material from inch sources as Tacitus surviving Old Norse 
and Icelandic texts archeological remains folktales surviving supemitioni 
comparative traditions linguistic analysis etc Grimm explores pagan deities 
heroes folklore of nature religious practices and ever) other area of pagan 
German lielief Tothisda) the unrivaled definitive exhaustive study Trans 
Uted b> J 5 Stallybrass from ^th (1H83) German edition Indexes Total of 
Ixxvu 4 - 1887PP 534 X dt/i 

21602 0 21603 9 2 l 6 C'f 7 21605 5 (our vxiluine set paperl>oiin 1 $11 oo 


The ! Ciung (ramtaied by James Le^e 
Called The Book of Changes m English this is one of the Five Classics 
edited by Confucius basic and central to Chinese thought Explains perhaps 
the most complex system of divination known founded on the theory that all 
things happening at any one time have characteristic features which can l>e 
isolated and related $igni6can( in Oriental studies in history of religions and 
philosophy and also to Jungian ps)choanal)Si 5 ami other areas of modern 
European thought Index Appendixes 6 plates xxi 4. 448pp 5S4 x 8^ 

2 J 062 6 Paperbound $275 

History of Ancie>t Fhilosoimv II Utndeiband 
One of the clearest most accurate comprehensive surveys of Greek and Roman 
philosophy Discusses ancient philosoph) in general intellectual life m Greece 
in the 7th and 6th centuries BC Thales Anaximander Anaximenes Hcrac 
htus the Elea I ICS Empedocles Anaxagoras Leucippus the I )thagoreans the 
Sophists Socrates Democritus (topages) Plato (50 pages) Vnstotle (70 pages} 
the Peripatetics Stoics Epicureans Sceptia Neo plalonists Christian Apolo 
gists etc and German editmn translated by H £ Cushman xv 4. 59 Spp 
5^ X 8 205^7 3 raperl)ound f 2 25 


Tiir Pal AO of Plfasurf Hi/Im i Painter 
Elizaliethan versions of Italian and French novels from The Decameron 
Cinthio Straparola Queen Margaret of Navarre and other continental sources 
— the very work that provided Shakespeare and dozens of his contemporaries 
with many of ihcir plots and sub plots arwl therefore justl) considered one of 
the most inRuenCial !)Ooks in all Fnglish literature It is also a l»ook that anj 
reader will still enjo) Total of cviai 4. i.< 2 |pp 

21691 8 21692 6 21 G 95-4 three volume set paperbound 5675 



CATALOGUE OF DOFER BOOKS 


An Introduction to the Grouertr op N Dimensions 
D H V SommervjHe 

An introduction presupposing no prior knowledge of the field the only book 
in English d^oted exclusively to higher dimensional geometry Discusses 
fundamental ideas of incidence paTalielism pcrpendiculaiity angles between 
linear space enumeritue geometry aruilyucal geometry from projective and 
metric points of view polytopcs elementary ideas in analysis situs content of 
hyper spacial hgures Bibliography Index 6o diagrams tp^pp 5Vi x 8 

60494-2 Paperbound $i 50 

ELfMENTARy CONCEPTS Or ToFOLOCY P AUxandroff 
First English translation of the famous brief introduction to topology for the 
beginner or Cor the maihematician not undertaking extensive study This un 
usually useful intuitive approach deals primarily with the concepts of complex 
eycle and homology and is wholly consistent with current imestigations 
Rangel from basic concepu oC set theoretic topology to (he concept of Beta 
groups Glowing example of harmony beiMeen intuition and thought David 
Hilbert Translated by A E Farley Incroduchon by D Hilbert Index. <5 
figures 7JPP SH * ® ^747 X Paperbound <1 *5 

ZhtittHTt Of Non Eucuoean CtoMCT«^Y> 

D M Y SommervtlU 

Unique in proceeding seep by step in the manner of traditional geometry 
Enables the icudetit with only a good knowledge of high school algebra and 
geometry to grasp elementary hyperbolic elliptic analytic non Euclidean geoD 
etnes space curvature and lU philosophical implications theory of radical 
axes homothecie centres and sysienis of circles parataxy and parallelism 
absolute measure Gauss proof of the defect area theorem geodesic represenca 
lion mMth more all with exceptional cUnty ia$ problems at chapter endings 
provide progressive practice and familiarity )|s figures Index xvi ^ t74pp 
5^ X 8 60160 8 Paperbound $too 

INTXODUCTION TO THE THrORV Of UVUBfU L £ DicksOn 
Thorough comprriiensive approach with adequate coverage of classical btera 
cure an incroduclory volume beginners can follow Chapters on divisibility 
congruences quadratic residues Se reciprocity Diophantine equations etc Full 
treatment of binary quadratic Conns w ilhout usual mttictton to integral coef 
6cients Covers infinitude of prunes least residun Fermat s theorem Eulers 
phi function Legendres symbol Gausss letnma automorphs reduced forms 
recent theorems of Tliue & Siegel many more Much matenal not readily 
available elsewhere *39 problems Index ! figure >111 iSspp syi x 8 

60 S 42 S Paperbound %i 75 

Mathematical Tarles and Foruulas 
compiled by Robert D Cormichoet ond Edwin R Smith 
Valuable collection for students etc. Contains all tables necessary m college 
and. vicK as fi>e qlace common In^iUumi 

sines and tangents of small angles lof^nthmic trigonometric functions natural 
trigonometric functions four place anulogaritbms tables for changing from 
sexageticnat to circuUc and from citcuUt to sexagesimal measure of angles etc 
Also many tables and formulas not ordinarily accessible including powers 
roots and reaprocals exponential and hyperbolic functions ten place loga 
riihms of prime numbers and formulas and theorems from analytical and 
elementary geometry and from calculus Explanatory introduction viu + 
»6dpp X 8Vi €01 n 0 Paperbound $1 50 



CATALOGUF OF DOf ER BOOKS 


A Source Book in Mathematics 
D F Smith 

Great discoveries in math from Renaissance to end of 19th ceiuurv in English 
translation Read announcements by Dedekind Gauss Delama in Pascal 
Fermat Ne^\ton Al>el Lobachevsky Bo 1 )ai Riemann De Moivre Legendre 
Laplace others of discoveries about imaginary numbers niiralwr congruence 
slide rule equations symlioltsm cubic algebraic equations non Euclidean 
forms of geometry calculus function theory quaternions etc Succinct selec 
tions from 125 different treatises articles most unavailable ciseubere in English 
Each article preceded by biographical introduction Vol I Fields of Numlier 
Algebra Index 32 illus gsSpp 5% x fi \ol II Fields of Geometry Probability 
Calculus Functions Quaternions 85 illus 43spp x 8 

60^52 3 60553 I Two volume set paperboiind $^^>0 


Foundations of Phvsics 
R B Lindsay dr H Margenau 

Excellent bridge between semi popular works 1 technical treatises A discussion 
of methods of physical description construction of theory valuafilc for physicist 
with elementary calculus who is interested in ideas that give meaning to data 
tools of modern physics Contents include symliolism mathematical equations 
spaced time foundations of mechanics prohabiliiv physics Skcontinua electron 
theory special 8. general relativity quantum mechanics causality Thorough 
and yet not overdetailed Unreservedly recommended Sature (London) 
Unabndg^ corrected edition List of recommended readings 5^ illustrations 
+ 557 PP 5^ X 8 60377 6 Paperboiind J5 50 

FUhDAMCNTAt FORMULAS Of PHVSlCS 
ed by D H Menial 

High useful full inexpensive reference and study text ranging frtm simple 
to highly sophisticated operations Mathematics integrated into lext^ach 
chapter stands as shore textbook of held represented \o\ 1 Statistics Physical 
Constants Special Theory of Relativity Hydrodynamics Aerodynamics 
Boundary Value Problems in Math Physics Viscosity Electromagnetic Theory 
etc Vol t Sound Acoustics Geometrical Optics Electron Optics High Energy 
Phenomena Magnetism Biophysics much more Index Total of 8oopp 534 *® 

60595 7 60596 5 Two volume set paperbound $| 75 


Theoretical Physics 
A 5 kompaneyets 

One of the very few thorough sludicsof the subject in this price range I rovides 
advanced students with a comprehensive ihcorcucal background Especially 
strong on recent experimentation and developments m quantum theory 
Contents Mechanics (Generalized Coordinates Lagrange s Equation Collision 
of Particles etc) Electrodynamics (Vector Vnalysis Maxwells equations 
Transmission of Signals Theory of Relativity etc) Quantum Mechanics (the 
Inadequacy of Classical Mechanics the Wave Equation Motion in a Central 
Field Quantum Tlieory of Radiation Quantum Theories of Dispersion and 
Scattering etc) and Statistical Physics (Equilibrium Distribution of Molecules 
In an Ideal Gas Boltzmann Statistics Bose and lermi Distribution Thermo¬ 
dynamic Quantities etc.) Revised lo 1961 Translated by George \ankovsky 
authorized by Kompaneyeis 137 exemses 56 figures. 529PP 534 * ®V 4 

60972 3 Paperbound 



CATALOGUE OF DOSER BOOKS 


Phi SICS O U Meniei 

Thorough one \ohjme treaimeni of the mathemsiical techniques vita) for 
clawua) mechanics e^ectTomagnctic fbtOT) quantum theory and relativity 
Written by the Hanard Professor of Astrophysics for junior senior and grad 
uate courses it gives clear explanalions of all those aspects of function theory 
vectors matrices dyadics tensors pariul dciferential equations etc necessary 
for the understanding of the various phystca! theories Electron theory rel 
ativiiy and other topics seldom presented appear here in considerable detail 
Scores of definiljon conversion factors dimensional constants etc More 
detailed than normal for an advanced text excellent set of sections on 
Dyadics \fatrices and Tensors Journal of the Ftankhn InsttluU Index 195 
problems with answers x ^ 4itpp 5% x 8 60056 i Paperbound 6? 50 

Tmf Thioxy or Sqvno Lord flavleigh 
\fQit vibrating systems likely lo be encountered sn practice can be tackled 
successfully by the methods set forth by the great Nobel laureate Lord 
Rayleigh Complete coverage of experimental mathematical aspects of sound 
theory Partial contents Harmonic motions vihraimg systems in general lateral 
vibrations of bars curved plates or shells applications of Laplace s functions to 
acoustical problems fluid friction plane vortex sheet vihrationsof solid bodies 
etc This IS the first inexpensive edition of this great reference and study work* 
Bibliography llisioncat introduction by R D Lindsay Total of lo^opp 97 
figures 57$ x 8 60292$ 6029$ I T^o volume set paperbound $6^ 


HYOXOOVNAkttCS Hotm lAmb 

Tntemaironally famous complete coverage of standard reference work on 
dynamics oC hquids k gases Fondamenta) theorems equauons methods scTu 
lions background for classical hydrodynamics Chapters include Equations of 
^lotion Integration of Equations m Special Cases Irrotational Motion Motion 
of Liquid in sDimens ons Motion of Sol ids through Liquid Dynamical Theory 
\ortex Sfotion Tidal Waves Surface Waves Waves of Expansion \iscostty 
Rotating Masses of Liquids Excellently planned arranged clear lucid prescnta 
tion 6(h enlarged revised eduion Index Over 900 footnotes mostly bibliogra 
phical 119 figures xv ^ 73 ^PP x 91,^ 602 S 6<7 Paperbound $400 

Dynamical Trscour or Gascs James Jeans 
Divided into mathematical and physical chapters for the convenience of those 
not expert tn mathematics this xolume dtscusses the mathematical theory of 
gas in a steady state thermodynamics Bolumann and Maxwell kinetic theory 
quantum theory exponentials etc 4ih enlarged edition with new material on 
tjuantum theory quantum dynamics eu Indexes aS figures 444PP ^ 9Vi 

60236 6 Paperbound $x 75 


THFRMODYNAvnes Enrifo Fermt 

Unabridged reproduction of 1957 edition Elem^tary m treatment remarkable 
for clarity organiration Requires no knowledge of advanced math beyond 
calculus only familiarity with fundamentals of thermometry calonmelry 
Partial Contents Thermodynamic systems First L Second laws of thermO' 
dynamics Entropy ThermodynamK potentials phase rule reversible electric 
cell Caseous reactions van c Hoff reaction box principle of LeChalelier 
Thermodynamics of dilute solutioris osmotic k vapor pressures boiling k 
freezing points Entropy constant Index problems. 24 illustrations, x 4- 
iGopp syi X 8 60361 X Paperbound J2.00 



CATAlOt VE OF DOlFR BOOKS 


Celestial Objects for Common Telescopfs 
Rn T n Webb 

Classic handbook for the use ami pleasure of the amateur astronomer Of 
inestimable aid in locating and idenliFjing thousands of celestial ot jecis \ol I 
The Solar System discussions of the principle and operation of ihc telescope 
proceduresof observations and telescope photography spectroscopv etc precise 
location information of sun moon planets meteors Vol II The Stars 
aIpha 1 >eLical list mg of constellations information on double stars cl isters stars 
v.ith unusual spectra variables and nebulae etc Nearly objects note<i 
Edited and extensively revised by Margaret \\ MayaJI director of the \mcncan 
Assn of\ariabIeStar Obseners New Index by Mrs Mayall git mg the location 
of all objects mentioned in the text for Epoch sooo Nen I reccssicTn lahle 
added New appendices on the planetary satellites constellation names and 
abbreviations and solar system data Total of 46 illustrations Total of xxxix 
-J* 6o6pp X 8 20917 2 20918 0 Two volume set paperliotmd 00 

Planetary Theorv 
£ n Broun and C A Shook 

Provides a clear presentation of base methods for calculating planetary orbits 
for today s astronomer Begins with a careful exposition of specialised mathc 
tnatical topics essential for handling perliirhation theory and then goes on to 
indicate how most of the previous methoth reduce ultima tel v to two general 
calculation methods obtaining expressions either for ihe coordinates of plane 
lary positions or for the elements which determine the periiir)>ed paths \n 
example of each is given and worked in detail Corrected edition I reface 
Appendix Index xu ^ 3ospp ^s^ x 61)35 7 Paperbound 

Star Nasces and Thcir Meanings 
Richard Htnektey Alien 

An unusual book documenting the various attrilmiions of names to the 
individual stars over the centuries Here is a treasure house of information on 
^ topic not normally deUed into even by professional astronomers provides a 
faKinating background to Ihe stars m folk lore literary references ancient 
writings star caul(^ and maps over the centuries Constellaiion b) constella 
lion analysis covers hundreds of stars and other astensms including the 
Pleiades Hyades Andromedan Nebula etc Introduction Indices List of 
authors and authorities, xx + 563PP 5% x 8^4 21079 0 Paperbound 55 00 

A Short HrsTORV or Astronomy A Berry 
Popular standard work for over 50 years this thorough anti accurate volume 
covers the science from primitive times to the end of the iQlh ceniury \ftcr 
the Greek sand the Middle Ages individual chapters analy re Copernicus Brahe 
Galileo Kepler and Newton and the mixed reception of their discoveries 
Post Newtonian achievements arc then discussed in unusual detail Halley 
Bradley Lagrange Laplace Hcrachel Bessel etc t Indexes laj illustrations 
9 portraits, xxxi + ^jopp sS/J x 8 20210 0 Paperbound 5 s 75 


Some Theory of Samplinc M F Demmg 
The purpose of this book is to make sampling technif^ues understandable to 
and useable by social scienlists industrial managers and natural scictUists 
who arc finding statistics increasingly part of their work Over 200 exercises 
plus dorens of actual applications 61 tables <R> fgs xix -j- bospp 

61755-6 Paperlxiunil <3 50 



CATALOGUE OF DOVER BOOKS 


Hear Me Talkin to Ya edited by Kat Shaptro and lientoB 
In their oun tsord^ Louh AnnsCrong King Oliver Fletcher Henderson Bunt; 
Johnson Bix BeiderhecVe Bitly Hotida) Fats Mailer Jelly Kol) Morion 
Duke Ellington and man\ others comment on the origins of jazz in New 
Orleans and its gronth in Chicagos South Side Kansas Cit) s jam sessions 
Depression Harlem and the modemisn of the Mest Coast schools. Taken 
from taped con\ersatiQn$ letters magaricie artic es other hnt hand sources 
Editors zntrochietion xvi 2J726 4 Paperbound $24?o 


The JotiSAt of Henky D Thokeal 
A 2 j >ear record by the great Ameiican obsener and critic as complete a 
record of a great man s inner life as is anprhere asaHable Thoreau s Journals 
sersctl him as raw material for his formal pieces as a place where he could 
develop his ideas as an outlet for his interests in wild life and plants in 
WTitmg as an art in classics of literature M alt Uliiiman and other con 
temporaries in pol tics slasery indisiduals relation to the State etc The 
Journals present a portrait of a remarkable man and are an ol>$enant social 
history Unabridged reptihlicaiiori of 1906 edition Bradford Torrey and 
Francis H Mien editors. Illustrations. Total of i 888 pp x i*;4 

20)12 9 20)tS I Two volume sot clothlxniml $50410 

^ SHAKESrf AFUN CXAStMAX E A Abbott 
Basie reference to Shakespeare and hts contemporaries explaining through 
thousands of quotations from Shakespeare Jonson Beaumont and Fletcher 
Norths Plutarch and other sources (he graamatica) usage differing from the 
modern First published in ig^o and written by a scholar who spent much of 
his life isolating prinapleaof Clualiethan language the lx>ok is unlikely ever 
to be superseded Indexes, xxiv ^ 5 iipp 5 ^ x 8 Vi 21582 2Paperbound $5410 

Folk Lose or SHAKrsfCAte T F Thmelton Dytr 
Classic study drawing from Shakespeare a large body of references 10 super 
naturai bet efs tcnmnotog> of fatcowry and hunting games and sports good 
luck charms marriage customs folk nied ones superstitions about plants 
animals birds argot of the underworld sexual slang of London proverbs 
dunking customs weather lore and much else From full compilation comes 
a mirror of the lyth-century popular mind Index ix -f- 5 e 6 pp syi % 81 ^ 

22614*4 Paperbound $2 73 


The New Xafiorlm SHAKESftAKE edited by H // Fumess 
By far the nchest editions of the plays ever produced m any country or 
language Each volume contains complete text (usually First Fobo) of the 
play all variants In Quarto and other Fotio texts editorial changes by every 
major editor to Furnesss own lime ( 1900 ) footnotes to obscure references or 
language extensive quotes fioro literature of Shakespearian criticism essays 
on plot sources (often repnnling sources in full) and much more 

Hamlet edited by H H Fumess 
Total of xxvx -j- go^pp sVo * ®54 

2)004 9 SlOCb 7 1 volume set papertx>und 

Twelfth Night edited by H H Furness 
Index xxu + 454PP bH ^ ^54 


21189*4 Paperbound $275 
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The Wonderful Wizard of Oz Z F Baum 
AU the ongtnal W \V D€i\ik>w lUuurauons «\ fwU color mwch a pan of 
The Wizard as Tcnniels drawings are of Alice iti Wonderland The 
U izard is still America s l>est lo\ed fair) tale in which as the author expres^s 
It The wonderment and jo) are relaincd and the heartaches and nightmares 
left out ** Now todays )oung readers can cn|0) eser) word and wonderful pic 
Uue of the original lx>ok New introduction liy Martin Gardner A Haum 
bibliography 25 full page color plates >111 -p s6^pp \ R 

20601 2 Paperboiind $i 


Tlt£ AfARVELOUS Land OF Oz L F Baum 
This IS the equall) enchanting ser|tie 1 10 the Wizard continuing the advp^ 
Hires of the Scarecrois and the Tin Woodman 7 he hero this lime is a little 
ixiy named Tip and all the delightful Oz magic is still present This is the 
O2 l)ook with the Animated Saw Horse the Woggle Bug and JacW Pumpkin 
head All the original John R Neill illnsiiaiions 10 in full color »8*pp 
X 8 26692 0 PaperlwuTuI $1 75 

Alices Adventires Under Ground Lems Ca^ro/f 
rhe original Alice in Wonderland hand telle red and illustrated by Carroll 
himself and origmally presented as a Clinstmas gift to a child friend Adults 
as well as children will enjoy this charming \olume reproduced faithfully 
m this Doer edition While the story 11 essentially the same there arc ihghl 
changes and Carrolls spniely drawings present an jningumg alternaiue to 
the famous Tenniel illuitrations One of the most popular books m Dosers 
catalogue Introduction by Martin Gardner $8 illustrations laSpp QAi ^ 

2 H 82 6 Paperbound $1 00 


The Nursery Alice Leuts Carroll 
While most of us consider 4 /ice m Wonderland a siory for children of all 
ages Carroll himself felt u was l>e)ond younger children He therefore pro 
^ided this simplified sersion illustrated with the famous Tenniel drawings 
enlarged and colored in delicate tints for children sged from Nought to 
Fue Dovers edition of this now rare classic ts a faithful copy of the 1885 
printing including so illustrations hy Tenniel and front and hack coters 
reproduced ici full color InttoiUKtion l>y Martia Gardner xxiu 4* 

^Vt X 9!4 21610 I PapeTl>ound $i 75 

Thf Stors or Kim Arthur and His Knichis Uouard P\te 
A fast paceil exciting retelling of the l>est Known Arthurian legends for young 
readers by ona oC Americas l>est story tellers and illustrators The si\ord 
Excahbur wooing of Guinevere Merlin ami his downfall adventures of Sir 
Bclhas and Gawame and others The pen and ink illustrations arc vividly 
imagined and wonderfully drawn illustrations xvui + 5 ^ 3 PP ^ 

I Paperliound 5 * 00 


Prices subject to change uslhout nofice 

Available at >our l>ook dealer or ^ ntc for free catalogue to Dept Adsci 
Dover Publications Inc iftoAancKM NA NA iwM I'o'cr publishes mote 
than ijo l)ooks each year on ccsence elementary and advanced mathematics 
biology music art literary history socul Kiences and other areas 



